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Abstract
In the last sixty years, the governmesygent the tens billion dollars attempting to develop useful
thermonuclear energy. However, they cannot yet reach a stable thermonuclear reaction. They still are
promising publically, after another 1520 years, and more tens of billions of US dollarfrtally
design the expensive workable industrial installation, which possibly will produce electric energy more
expensive than current heat, wind and hydroelectric stations can in 2015.

The author offers the new, small cheap eleatnigulse anccumulatve thermonuclear reactors, which
increases the temperature and pressure of its nuclear fuel by millions of times, reaches the required
ignition stage and, ultimately, constant contained thermonuclear reaction. Hrapuise and
Cumulative AB Reactors otain several innovations to achieve its product.

Chief among them imersion one thelectric thermonuclear reactors are ustertricfield voltage
50 + 1000 kV &n electriccondensedischargg which allows to heahe primary compresseéuel in
speial pelletby electricimpulse up hundreds millions degrees of temperature.

In electricimpulse anccumulative vesions of AB thermonucleareactas the fuel nucleus are heated
by high electriosoltage (50+ 1000kV) up the hundreds millions degree anmulative compessed
into center of the special cylindal or sphericafuel cartridge.

Theadditionalcompressing andombustiortime the fuel nucleusayhave fromelectric pinch
effect ancheavy nucleus of the fuel cartridgever. The main advaages of the offered method are
very smallelectricfuel cartridge (1218 mm) and small of the full rete installation(reactor has
thespherical diameter 0-33 m), using thenanythermonuclear fuslat room temperature and
possibility of using the offed thermonuclear reactor for transportation (ships, trains, aircrafts, rockets,
etc.). Author gives theory and estimations of the suggested reactors.

Author also igliscussinghe problems of convertingetreceivedhermonucleaenergy
into mechanica(electrical) energy and into rocket thrust.

Offered small micreeactors may be used as heaves (ignifioge) for small artillery nuclear
projectiles and bombs.

Keywords:Micro-thermonuclear reactor, Impulgbermonuclear reactorlectricthermonuclear
reactor,cumulativethermonucleareactor,transportationthermonucleareactor, aerospace thermonuclear
engine nucleifuse thermonuclear rocket.



INTRODUCTION IN CURENT THERMONUCLE AR REACTORS

Main difference between the current and offered AB Thermonuclear Reactors
As itis well-known the thermonucleaeaction occurs when Lawson critami
L = >gTU

where nis matter(fuel) density, [1/mi]; T is temperature, [KeV], 1 eV = 1.160°K; ¢ is reactiontime,
[s]; cis constantdr given nuclear fuel. Fdritium-deuteriumfuel (T+ D)c& % €10 The current
Inertial Confinement Fusion (ICF) uses the laser compression method (high mattermjearsityow
temperaturd and lowreaction timeJ With a compression by #0the compressed density will be 200
g/cm3(T+D), and the compressed radius can be as small as 0.05-owrthis densityr{ = 4.810°* m™
yands =10%s theLawsoncriteriongives a neetemperaturd =2 e 8300&. It is very few for
nuclear reaction. But laser ICF cannot reachtdnsperatureTrying to warm up the fuel capsuby
additionalX-rays and other particldgve been unsuccessful

The other method dhe currenthermonuclear reaction is Magnetioi@inement Fusion (MCF). It
usesthe other ide# high time reaction# = second, up minutes) and low plasma density=(10*'m’
% and low temperatureThat method has a lot of technical probteis very expensive and also not
reaches the stable igioin.

Both current main mettus (ICF and MCF)are developed more 60 ysdry thethousandscientigs
in all main countries. Theoyemments spent the billioraf dollars for their R&D(Researctand
Development)and are spending hundreds milliafdlarsevery yearsBut optimist sciences only
promise to reach the useful stable nuclear reaction thrawl50yearqafter 2016)and build the
industrial electric statioaftertheadditional 57 10 years. The other scigsts show: the price dhe
nuclear energy used fitim fuel (main fuel for current reactois T+D) will be costten times more than
in presenelectric stations usinthe natural fuel (tritium costs 30,000 $/gram, trend up 100,000 $/g)).

The author oférs the new method (reactor)(see Chapteva)n idea is getting high temperature
by high intensity electric fieldReactorcan easy to get the velnygh temperature up 300 keV (1.3
billion K), has enough compression (600- 1000 atm) and conformation ($@ec).Onehas Lawson
criterionin thousands$imes more than need, can work on cheap D#Elearfuel (1 gram of
deuteriumcost only 1$), is very cheap ahds asmallinstallation The main tesfgetting the
thermonuclear reaction) cesinly sameahousandslollars.If test will be successful, we can
immediately design the engines for ships, trains, submarines, electric stations and propulsions for
rockets.

Brief Information about Current Thermonuclear Reactors

Fusion poweiis useful energy generated byclear fusionmeactions. In this kind of reaction two light
atomic nuclefuse together to form a heavier nucleus and release energy. The largest current nuclear
fusion experiment)ET, has resulted in fusion power production somewhat larger than the potve
into the plasma, maintained for a few seconds. In June 2005, the construction of the experimental
reactorTER, designed to produce several times more fusion power than the power into it generating
the plasma over many minutes, was announced. Tlealized production of net electrical power from
fusion machines is planned for the next generation experiment after ITER.

Unfortunately, this task is not easy, as scientists thought early on. Fusion reactions require a very
large amount of energy to irate in order to overcome the-salledCoulomb barrieror fusion barrier



6

energy The key to practical fusion power is to select a fuel that requires the minimum amount of
energy to start, that is, the lowest barrier energy. The best fuel from this stéansipooneto-one mix

of deuteriumandtritium; both are heavisotopesf hydrogen. The B (Deuterium and Tritium) mix

has suitable low barrier energy. In order to create the required conditions, the fuel must be heated to
tens of millions of degreeand/or compressed to immense pressures.

At present, BT is used by two main methods of fusion: inertial confinement fusion (ICF) and
magnetic confinement fusion (MGHpr example, tokomak device.

In inertial confinement fusio(iCF), nuclear fusiomeactions are initiated by heating and compressing
a target. The target is a pellet that most often contineriumandtritium (often only micro or
milligrams). Intense focusddseror ion beams are used for compression of pellets. The beams
explosivelydetonate the outer material layers of the target pellet. That accelerates the underlying targe
|l ayers inward, sending a shockwave into the c.
enough, and if high enough density at the center iaetlj some of the fuel will be heated enough to
cause pellet fusion reactions. In a target which has been heated and compressed to the point of
thermonuclear ignition, energy can then heat surrounding fuel to cause it to fuse as well, potentially
releasingremendous amounts of energy.

Magnetic confinemeritision (MCF).Since plasmas are very good electrical conductors, magnetic
fields can also be configured to safely confine fusion fuel. A variety of magnetic configurations can be
used, the basic distition being between magnetic mirror confinement tamdidal confinement,
especially tokomaks and stellarators.

Lawson criterionIn nuclear fusion research, thawson criterionfirst derived by John D. Lawson in
1957, is an important general measure of a system that defines the conditions needed for a fusion
reactor to reackgnition stage, that itheheating of the plasma by the products of the fusion reactions
is sufficientto maintain the temperature of the plasma against all losses without external power input.
As originally formulated the Lawson criterion gives a minimum required value for the product of the
plasma (electron) density and the "energy confinement timé'Later analyses suggested that a more
useful figure of merit is the "triple product” of density, confinement time, and plasma temp@&rature
The triple product also has a minimum required value, and the name "Lawson criterion" often refers to
this importan inequality.

The key to practical fusion power is to select a fuel that requires the minimum amount of energy to
start, that is, the lowest barrier energy. The best known fuel from this standpoint iteooeanix of
deuteriumandtritium; both are kavyisotopesof hydrogen. The BX (Deuterium and Tritium) mix has
a low barrier.

In order to create the required conditions, the fuel must be heated to tens of millions of degrees,
and/or compressed to immense pressures. The temperature and pregssect fiax any particular fuel
to fuse is known as theawson criterion For the DT reaction, the physical value is about

L=nT¢ >(10" - 10®) in "cgs" unis

or L=nTt>(10®-10%) in Cl units '
whereT is temperature, [KeV], 1 eV = 1.160°K; nei s mat t er °drdsmmtet dgnsity,[ 1/ fr
[1/m?]; ¢ is time, [s]. Last equation is in metric system. The thermonuclear reacfisintoD realizes
if L >10°%in CI (meter, kilogram, second) unitslor10*in 'cgs’ (centimeter, gram, second) units.

This number has not yet been achieved in any fusion reactor, although the latest generations of fusio
making machines have come significantly close to doing so. For instance, the reactor TFTR has
achieved the densities and energy lifetimes needed tevachawson at the temperatures it can create,
but it cannot create those temperatures at the same time. Future ITER aims to do both.

The Lawson criterion applies to inertial confinement fusion as well as to magnetic confinement fusion
but is more usefly expressed in a different form. Whereas the energy confinement time in a magnetic
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system is very difficult to predict or even to establish empirically, in an inertial system it must be on
the order of the time it takes sound waves to travel acrossabmal
R
[0}

JKT/m

wheret is time, s;Ris distance, mkis Boltzmann constant; is temperature, Kim is mass of ion, kg.

Following the above derivation of the limit ogl¢, we see that the product of the density and the
radius must be greater than a valuatesl to the minimum oF¥% < @ v > s i6 Boéizmann constant,
vis ion speed). This condition is traditionally expressed in terms of the mass gensity

JR>1g/lcm2,

To satisfy this criterio at the density of solid D+T (0.2 g/cm3) would require implausibly large laser

pulse energy. Assuming the energy required scales with the mass of the fusion Blasma (R~ ~ }

%), compressing the fuel to 16r 1¢* times solid density would redudeet energy required by a factor

of 10° or 1@, bringing it into a realistic range. With a compression b th@ compressed density will

be 200 g/cm3, and the compressed radius can be as small as 0.05 mm. The radius of the fuel before
compression would b@5 mm. The initial pellet will be perhaps twice as large since most of the mass
will be ablated during the compression stage by a symmetrical energy input bath.

The fusion power density is a good figure of merit to determine the optimum temperature for
magnetic confinement, but for inertial confinement the fractional-bpraf the fuel is probably more
useful. The burrup should be proportional to the specific reactionmgte{ G v >) t i mes t he
time (which scales a8 divided by the partie densityn: burnup fraction ~n] < GT#%/ n~ (nT)
(<aw3

Thus the optimum temperature for inertT?al con
which is slightly higher than the optimum temperature for magnetic confinement.

Short history of thermonuclear fusiddne of the earliest (in the late 1970's and early 1980's) serious
attempts at an ICF design wakiva a 20armedneodymiumlaser system built at tHeawrence
Livermore National Laboratorfl LNL) in California that sarted operation in 1978. Shiva was a "proof
of concept" design, followed by tidOVAdesign with 10 times the power. Funding for fusion research
was severely constrained in the 80's, but NOVA nevertheless successfully gathered enough informatic
for a nextgeneration machine whose goal was ignition. Although net energy can be released even
without ignition (thebreakeverpoint), ignition is considered necessary fgractical power system.

The resulting design, now known as tational Ignition Facility commenced being constructed at
LLNL in 1997. Originally intended to start construction in the early 1990s, the NIF is now six years
behind schedule and ovbudget by some $3.5 billion. Nevertheless many of the problems appear to be
due to the "Big Sciere Laboratory" mentality and shifting the focus from pure ICF research to the
nuclear stewardship prograin_NLs traditional nuclear weapomsaking role. NIF "burned" in 2010,
when the remaining lasers in the 9am array were finally installetike those earlier experiments,
however, NIF has failed to reach ignition and is, as ob2@é&neratingnly about 1/3rd of the required
energy levelsieeded to reach full fusion stage of operation

Laserphysicists in Europe have put forward plans to bu#b@0m facility, called HIPER, to study a
new approach to laser fusion. A panel of scientists from deuarpean Uniomrountries believes that
a "fast ignition" laser facility could make a significant contribution to fusion research, as well as
supportingexperiments in other areas of physics. The facility would be designed to achieve high
energy gains, providing the critical intermediate step betwgetion and a demonstration reactor. It
would consist of a longulse laser with energy of 200 kJ to coeg® the fuel and a shqotilse laser
with energy of 70 kJ to heat it.

Confinement refers to all the conditions necessary to keep plasma dense and hot long enough to
undergo fusion:
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A Equilibrium: There must be no net forces on any part of the plasmawaiteeit will rapidly
disassemble. The exception, of course, is inertial confinement, where the relevant physics mus
occur faster than the disassembly time.

A Stability: The plasma must be so constructed that small deviations are restored to the irgtial stat
otherwise some unavoidable disturbance will occur and grow exponentially until the plasma is
destroyed.

A Transport: The loss of particles and heat in all channels must be sufficiently slow. The word
"confinement” is often used in the restricted sensemérgy confinement".

To produce selsustaining fusion, the energy released by the reaction (or at least a fraction of it) must
be used to heat new reactant nuclei and keep them hot long enough that they also undergo fusion
reactions. Retaining the heggnerated is called energgnfinemenand may be accomplished in a
number of ways.

Hydrogen bomb weapons require no confinement at all. The fuel is simply allowed to fly apart, but it
takes a certain length of time to do this, and during this timerfun occur. This approach is called
inertial confinemengFigure 1) If more than about a milligram of fuel is used, the explosion would
destroy the machine, so controlled thermonuclear fusion using inertial confinement causes tiny pellets
of fuel to expode several times a second. To induce the explosion, the pellet must be compressed to
about 30 times solid density with energetic beams. If the beams are focused directly on the pellet, it is
calleddirect drive which can in principle be very efficieditut in practice it is difficult to obtain the
needed uniformity. An alternative approaclmidirect drive in which the beams heat a shell, and the
shell radiates-rays which then implode the pellet. The beams are commonly laser beams, but heavy
and lichtion beamsand electron beams have all been investigated and tried to one degree or another.

They rely on fuel pellets with a "perfect” globular shape in order to generate a symmetrical inward
shock waveo produce the highensity plasma, and in practice these have proven difficult to produce.
A recent development in the field of laseduced ICF is the use of ultshort pulse multpetawatt
lasers to heat the plasma of an imploding pellet at exdetlypnboment of greatest density after it is
imploded conventionally using terawattale lasers. This research will be carried out on the (currently
being built) OMEGA EP petawatt a@MEGA lasers at th&niversity of Rochestan New York and
at the GEKKO Xl laser at the Institute for Laser Engineering in Osaka, Japan which, if fruitful, may
have the effect of greatly reducing the cost of a laser fishsed power source.

G t,w:l ‘& T
e '-‘:'!*: W

Fig.1. One laser installation of NIF
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At the temperatures required for fusiore fiael is in the form of plasma with very goel@ctrical
conductivity This opens the possibility to confine the fuel and the energymatinetic fieldsan idea
known asmagnetic confinemei(Eigure 2)

Fig.2Magnetic thermonucl ear reactor. The size of the instal
the machine at the bottom. Cost is some tens of billions of dollars.

Much of this progress has been achieved with a particulph@sis oritokomaks(Figure 2).

In fusion research, achievinguwsion energy gain fact@ = 1 is callecbreakeverand is considered
a significant although somewhat artificial milestolgmition refers to an infinit&, that is, a self
sustaining plasawhere the losses are made up for by fusion power without any external input. In a
practical fusion reactor, some external power will always be required for things like current drive,
refueling, profile control, and burn control. A value on the ordé) af20 will be required if the plant
is to deliver much more energy than it uses internally.

In a fusion power plant, the nuclear island hataama chambewith an associated vacuum system,
surrounded by plasmafacing componentfirst wall anddiverter) maintaining the vacuum boundary
and absorbing the thermal radiation coming from the plasma, surrounded in tubrabigetwhere the
neutrons are absorbed to breed tritium and heat a working fluid that transfers the power to the balance
of plant. Ifmagnetic confinement is usedyagnetsystem, using primarily cryogenic superconducting
magnets, is needed, and usually systems for heating and refueling the plasma and for driving current.
inertial confinement, driver(laser or accelerator) and a fsing system are needed, as well as a means
for forming and positioning thpellets

Themagnetic fusion energy (MFyogram seeks to establish the conditions to sustairclaar
fusionreaction in plasma that is containedrbgignetic field4o allow the successful production of
fusion power

In thirty years, scientists have increased the Lawson criterion of the ICF and tokomak installations by
tens of times. Unfortunately, all current and some new installations (ICF and tokomak) have a
Lawrence criterion that is tens of times lower than is necessary (Figure 3).


http://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0CAcQjRw&url=http://www.phy.duke.edu/~hsg/162/images/iter.html&ei=5nqdVeG7IYLd-QHkyoaIBQ&bvm=bv.96952980,d.cWw&psig=AFQjCNH7K-0XICK_vmTp4dfhvoY8nsc9kA&ust=1436470327065954
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National Ignition Facility
Typical Magnetic Fusion Energy projects
Inertial confinement fusion H
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Fig. 3. Parameter space occupiedrsytial fusion energgandmagnetic fusion energyevices. The regime allowing
thermonuclear ignition with high gain lies near the upper gghter of the plot.

Data of same current inertial laser installations:

1. NOVA uses laser NIF (USA), has 192 beams, impulse energy up 120 kJ. One reach density
20 glcn, speed of cover is up 300 kmIsIF has failed to reach ignition and is,a<2013,
generating about 1/3rd of the required energy leWdIs cost is about $3.5B.

2. YIPER (EU) has impulse energy up 70 kJ.

2. OMEGA (USA) has impulse energy up 60 kJ.

3. GekkoXIl (Japa has impulse energy up 20 kJ. One reaches density 126 g/cm

4. Febus (France) has impulse energy up 20 kJ.

5. Iskra5 (Russia) has impulse energy up 30 kJ.
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Chapter 1.

Theory of the Thermonuclear Reactors

1. The following reactiogare sutable for thermonuclear fusion:
Table 1 Sutable reactions for thermonuclear fusion

# Syntezis | Result (received Energy, MeV) %
1 D+TY |*He(3.5)+n(141)

2a |D+DY |[T(1.01)+p(3.02) 50%
2b |D+DY |°He(0.82)+n(2.45) 50%
3 D+He Y | “He(3.06)+p(14.7)

4 T+TY |["Het+2n(+11.3)

5 *He+H e Y| "He+2p(+12.9)

6a |°He + T Y| *Hetp+n(+12,1) 51%
6b |°He + T Y| "He(4.8)+D(9.5) 43%
6c |°He + T Y| °He(2.4)+p(+11.9) 6%
7 p+°L i VY "He(1.7)¥He(2.3)

8a |p+tLi Y 2He(17.3) 20%
8b |[p+Li VY '‘Be+n(1.6) 80%
9 D+°Li Y | 2'He(22.4)

10 |[p+'BY |3'He(+8.7)

11 [ n+Li Y |%He(2.1)+T(2.7)

12 |°He+’L i Y 2"He+p(+16.9)

Here are: p =H (protium), D =°H (deuterium), and T =H (trittum) are shorthandhotation for the main three isotopes of
hydrogen.’H e  talpha particle.

Very important value is theross section of thermonuclear reactionThenuclearcross sectioof a
nucleus is used to characterize finebabilitythat a nuclear reactiomill occur. The concept cd
nuclear cross section can be quantified physically in terms of "characteristic area" where a larger area
means a larger probability of interaction. The standard unit for measuring a nuclear cross section
(denoted af) is thebarn, which is equal to 16° m2 or 10?* cm2. Nuclear cross section very strong
depent from kinetic energy of particles. Typical thermonuclear cross section main fuel particles are
shown in fig.4.

For reactions with two products, the energy is dividddveen them in inverse proportion to their
masses, as shown. In most reactions with three products, the distribution of energy varies. For reactiot
that can result in more than one set of products, the branching ratios are given.

Some reaction candidatean be eliminated at once. The Ditreaction has no advantage compared
to p+''B because it is roughly as difficult to burn but produces substantially more neutrons through
D+D side reactions. There is also dl+eaction, but the crossection is fardo low accepted
possible fofT;> 1 MeV, but at such high temperatures, an endothermic, direct nguirdncing
reaction also becomes very significant. Finally, there is alsdBepreaction, which is not only
difficult to burn, but’Be can be easily intted to split into two alphas and a neutron.

Typical nuclear radii are of the order' ¥bm. Assuming spherical shape, we therefore expect the
cross sections for nucl prarld®n® e tbarm).rObserved crdse o f
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Fig.4. Thermonuclear cross section reation D+T, D+D (2a), D+D (2bjHB;and p+Brs kinetis energy E

sectionsvary enormously for exampleslow neutrongbsorbed by the (n,

shortly notatbn the nuclear reaction. For ena | e
productscanalswe do not writehem.

[keV] of the light particle.

) reaction show a cross

section much higher than 1,000 barns in some cases {bOra@admiurl13, and xenoi35), while

the cross sections ftransmutation®y gammaray absorption are in the region of 0.001 barn.
The some crossedions and coesponding energy are shown in Table 2. In Table 2 we use the

D*HeT+ nYasH(t,n)*He. If result has many

Table 2 Cross section armbrrespondingnergy of some thermonuclear reaction

Fig. # | Reaction Reaction | Temperat. | Temperat. | Temperat. | Temperat. | Temperat.
Energy |&410 k\a&1%@v & 1°ev & 1'ev andl max
MeV v] andd andd andd

43 H(d,nyH 4.033 10KV, 10°kV, 10°kV, 10°kv, 10°kV,

1(2) a = 7°0 g 2h10%° | 0 =10%° 0 =10% |4 =10

43 °Li (Ple ¥) |4.021 - 10°kV, 10°kV, 10°kV, -

1(7) o =1’ a = F£°0 0 =10

43 ®Li(t,n)° 16 - - 10°kV, - -

1(8) 0 =1

43 H(t,d)"H 4.321 - 10°kV, 10°kV, 10°kV, 10°kV,

1(3) 0 = 110%% | & =10%° 0 =102 0 =10°°

43 *H(d,n)'He 17,6 10KV, 10°kV, 10°kV, 10°kv, 10°kV,

2(2) D + T “He+n a=1w% |4=1* |i=m" 0 =®>* |i=m"

43 ’H(d,nyHe 7.3 10'kV, 10°kV, 10°kV, 10°kV, 10°kV,

2(1) 0=1104 |G =8> |0G=010% |0 =010%8 |0 =010%

43 *H(d,p)'He 18.35 - 10°kV, 10°kV, 10°kv, 410KV,

2(4) g =10% g =10 o =8? 0 =m\y2s

43 *H(t,pn)'He 12 - 10°kV, 10°kV, - -

2(5) O = 1028 o =By®

43 ®Li(d,p)'Li 5.028 - 10°kV, 10°kV, - -

2(6) 0 =1%® |a=70

43 °Li (e Y) |22375 |- 10°kV, 710KV, - -

3(4) O = 1028 O =102
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‘Be (fi Y) | 2126 |- 510°kV, 1.110kv, |- -
lj :.B)—ZG 0 :.H)-25

43
4(6)
Source: [12] pp. 94850.

In addition to the fusion reactions, the following reactions with neutrons are important in order to
"breed" tritium in "dry" fusion bombs and some proposed fusion reactors:
n+°Li Y *He+45MeV, n+Li+25MeW T *He+rd.

To evaluatehe usefulness of these reactions, in addition to the reactants, the products, and the energ
released, one needs to know something about the cross section. Any given fusion device will have a
maximum plasma pressure that it can sustain, and an econdenazd will always operate near this
maximum. Given this pressure, the largest fusion output is obtained when the temperature is selected
that <Gv>/T] is a maximum. This is alsonTd he 1t
requiredforgni ti on is a minimum. This chosen opti mu
temperature is given for a few of these reactions in the following table.

Table3.0pti mum temperature and the value of <0\
fuel  T[keV] < O v >[MskeV?
D-T 136  1.24x10% |

D-D 15 1.28x10%°
D-*He 58 2.24x10%°
p°Li 66 1.46x107

p-'B 123 3.01x10%

Note: that many of the reactions form chains. For instance, a reactor fueled with’Meandll create some D,
which is then possible to use in the D*He reaction if the energies are "right". An elegant idea is to
combine the reactions (7) and (12). Tt from reaction (7) can react wifhi in reaction (12) before
completely thermalizingThis produces an energetic proton which in turn undergoes reaction (7) before
thermalizing. A detailed analysis shows that this idea will not really work well, but it is a good example of a
case where the usual assumption of a Maxwellian plasma is propaiate.

Any of the reactions above can, in principle, be the basis of fusion power production. In addition to
the temperature and cross section discussed above, we must consider the total energy of the fusion
productsEss, the energy of the charged fusion prodiigis and the atomic numbérof the non
hydrogenic reactant.

Specification of the ED reaction entails some difficulties, though. To begin with, one must average
over the two branches (2) and (3). More diffids to decide how to treat the T aftde products. T
burns so well in a deuterium plasma that it is almost impossible to extract from the plasm&Hehe D
reaction is optimized at a much higher temperature, so theupuahthe optimum D temperature
may be low, so it seems reasonable to assume the T but fbetiyets burned up and adds its energy
to the net reaction.

Thus we will count the ED fusion energy aBs,s = (4.03+17.6+3.27)/2 = 12.5 MeV and the energy
in charged patrticles &y = (4.03+3.5+0.82)/2 = 4.2 MeV.

Another unigue aspect of theDreaction is that there is only one reactant, which must be taken into
account when calculating the reaction rate.

With this choice, we tabulate parameters for four of the most importantoresacti

Table 4.Parameters of the most important reactions
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Fuel |Z |Ews[MeV] Eg[MeV] neutronicity

D-T 1 176 35 0.80
D-D 1 125 4.2 0.66
D-*He 2 18.3 18.3 ~0.05
p'B 5 87 8.7 ~0.001

The last column is theeutronicityof the reaction, the fraction of the fusion energy released as
neutrons. This is an important indicator of the magnitude of the problems associated with neutrons like
radiation damage, biological shielding, remote handling, and safety. For the firgtations it is
calculated asHj,sEch)/Ess. For the last two reactions, where this calculation would give zero, the
values quoted are rough estimates based on side reactions that produce neutrons in a plasma in thern
equilibrium.

Of course, the reaants should also be mixed in the optimal proportions. This is the case when each
reactant ion plus its associated electrons accounts for half the pressure. Assuming that the total presst
is fixed, this means that density of the Agydrogenic ion is smhdr than that of the hydrogenic ion by
a factor 2/Z+1). Therefore, the rate for these reactions is reduced by the same factor, on top of any
di fferences in the values of -DBréactionhasjonlyomen t he
reactant, the ratis twice as high as if the fuel were divided between two hydrogenic species.

Thus, there is a "penalty” of (2/(Z+1)) for rbgdrogenic fuels arising from the fact that they require
more electrons, which take up pressure without participating in thenfusaction. There is, at the
same time, a "bonus" of a factor 2 forflDdue to the fact that each ion can react with any of the other
ions, not just a fraction of them.

We can now compare these reactions in the following table 5.

Table 5.Comparison ofeactions

. penalty/ Lawson | power

fuel <lv>/ bonus reactivity criterion  density
DT 1.24x10% 1 1 1 1 '
D-D 1.28x10° 2 48 30 68
D-*He 2.24x10° 2/3 83 16 80

p-'B 3.01x10*" 1/3 1240 500 2500

The maxi mum Aasltakem fromnfa previows*able. The "penalty/bonus” factor is that
related to a noimydrogenic reactant or a singdpecies reaction. The values in the column "reactivity"
are found by dividing (1.24x1% by the product of the second and third coluninidicates the factor
by which the other reactions occur more slowly than thier@action under comparable conditions.
The column "Lawson criterion" weights these results &jghand gives an indication of how much
more difficult it is to achieve ighon with these reactions, relative to the difficulty for thefD
reaction. The last column is labeled "power density" and weights the practical reactiviBy,with
indicates how much lower the fusion power density of the other reactions is coraptred T
reaction and can be considered a measure of the economic potential.

Bremsstrahlung (Brake) Losses
1. Bremsstrahlung(from the Germabremsento brake an&trahlung radiation, thus, "braking
radiation”), is electromagnetic radiation produced by the acceleration of a charged patrticle, such as an
electron, when deflected by another charged particle, such as an atomic nucleus. The term is also use
to refer to the pragss of producing the radiation. Bremsstrahlung has a continuous spectrum. The
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phenomenon was discovered by Nikola Tesla (1B®%63) during high frequency research he
conducted between 1888 and 1897.
Bremsstrahlung may also be referred to asfiree radiation. This refers to the radiation that arises as
a result of a charged particle that is free both before and after the deflection (acceleration) that causes
the emission. Strictly speaking, bremsstrahlung refers to any radiation due to the acceteaation
charged particle, which includes synchrotron radiation; however, it is frequently used (even when not
speaking German) in the more literal and narrow sense of radiation from electrons stopping in matter.
The ions undergoing fusion will essentiallguwer occur alone but will be mixed with electrons that
neutralize the ions' electrical charge and form a plasma. The electrons will generally have a
temperature comparable to or greater than that of the ions, so they will collide with the ions and emit
Bremsstrahlung. The Sun and stars are opaque to Bremsstrahlung, but essentially any terrestrial fusio
reactor will be optically thin at relevant wavelengths. Bremsstrahlung is also difficult to reflect and
difficult to convert directly to electricity, so thratio of fusion power produced to Bremsstrahlung
radiation lost is an important figure of merit. This ratio is generally maximized at a much higher
temperature than that which maximizes the power density (see the previous subsection). The followinc
tableshows the rough optimum temperature and the power ratio at that temperature for several

reactions.
Table 6. Rough optimum temperature and the power ratio of fusion and Bremsstrahlung radiation lost

Fuel T (kev) resol

Bremsstrahlung
r T T 1

D-T 50 140
D-D 500 2.9
D-*He 100 5.3
*He*He 1000 0.72
p-°Li 800 0.21
p-'B 300 0.57

The actual ratios of fusion to Bremsstrahlung power will likely be significantly lower for several
reasons. For one, the calculation assumes that the energy of the fusion products is transmitted
completely to the fuel ions, which then lose energy to tbetreins by collisions, which in turn lose
energy by Bremsstrahlung. However because the fusion products move much faster than the fuel ions
they will give up a significant fraction of their energy directly to the electrons. Secondly, the plasma is
assumedo be composed purely of fuel ions. In practice, there will be a significant proportion of
impurity ions, which will lower the ratio. In particular, the fusion products themsetusremain in
the plasma until they have given up their energy,vaifidcemain some time after that in any proposed
confinement scheme. Finally, all channels of energy loss other than Bremsstrahlung have been
neglected. The last two factors are related. On theoretical and experimental grounds, particle and
energy confinement sen to be closely related. In a confinement scheme that does a good job of
retaining energy, fusion products will build up. If the fusion products are efficiently ejected, then
energy confinement will be poor, too.

The temperatures maximizing the fusiawgr compared to the Bremsstrahlung are in every case
higher than the temperature that maximizes the power density and minimizes the required value of the
fusion triple product (Lawson criterion). This will not change the optimum operating pointTor D
very much because the Bremsstrahlung fraction is low, but it will push the other fuels into regimes
where the power density relative teTDis even lower and the required confinement even more difficult
to achieve. For ED and D*He, Bremsstrahlung losseslMie a serious, possibly prohibitive problem.



16

For3He-*He, p°Li and p''B the Bremsstrahlung losses appear to make a fusion reactor using these
fuels impossible.
In a plasma, the free electrons are constantly producing Bremsstrahlung in collisiotiewans.
The power density of the Bremsstrahlung radiated is given by
32
PBr = il-/ga 2]/2 nezTellzzeff
m,

Teis the electron temperatuigis the fine structure constantjs Planck's constant, and the "effective"
ion charge states is given by an average over the chargeestaft the ions:

Zei= (Z2nz) I ne
This formula is derived in "Basic Principles of Plasmas Physics: A Statistical Approach” by S.
Ichimaru, p. 228. It applies for high enoutithat the electron deBroglie wavelength is longer than the
classical Coulomb distance of closest approach. In practical units, this formula gives

Psr =  (1.69x10* /W cm®) (ndem®)? (TdeV)? Ze
= (5.34x10°" /W M) (Ne/m®)* (Te /keV)'? Zegr
where Wer®, cmi®, eV, Wni®, m®, keV are units oforrespondingnagnitudes. For very high
temperatures there are relativistic corrections to this formula, that is, additional terms dt jonghér

Below are some equationseful for computation:
2. The Deep of Penetration of outer radiation into plassa

d, =— =53140°n,* . [cm] (@
Wpe

For plasma density. = 10°* 1/cnt d, = 5.38 10° cm.

3. The Gas (Plasma) Dynamic Pressipgijs

p,=nk(T,+T,) if T,=T,  then p, =2nkT, 2
where k = 1.38 10%%is Boltzmann constanT is temperature of electrorfi; T; is temperature of
ions°K. These temperatures may be differeris plasma density, 1/inpx is plasma pressure, Nfm

4. The gas (plasma) ion pressupeis

2
=—nkT,

3 ©)
Herenis plasma density in 1/
5. The magneti p, and electrostatic pressurps, are

_B 1 (4)

pm_2 ' ps__eOES’
m 2

whereB is electromagnetic induction, Tesla = 4p® 10" electromagnetic constarg; = 8.85 102,
F/m,is electrostatic constartisis electrostatic intensity, V/m.

6. lon thermal velocitys
AKTQ
v, =g&—+Q =9.79310°m"*T'* cmis, 5
= ®
wherem= m; /m,, m is mass of ion, kgn, = 1.6 10°"is mass of proton, kg.

7. Transverse Spitzer plasma resistivity
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(6)

h. =1.03310°ZInLT¥?, Wcm or r° 0.12

T Wem

where InL =5- 15° 10 is Coulomb logarithni is charge state.

8. Reaction ratessv> (in cn? s*) averaged ovevaxwellian distributions for low energy (T<25 keV)
maybe represent by

(s yp =2.333 10T P exp(- 18.76 T ¥*) cnrs’?, (1)
(s Ny =3.683 10T #*exp(- 19.94T %) cmis?,

whereT is measured in keV.

Reaction rateare presented in Tablebélow:

Table7. Reacti on r’at) aeragediowerMaxwelliedistilations

Tempera | D+D, D+T, D+°He, | T+T, T+He,
ture, keV | (2a +2b) | (1) (3) (4) (6ac)
1.0 1.5x10% 55<10° | 10%° 3.3x10% | 10%®
20 5.4x10% 2.6x10° | 14x10® | 7.1x10°* | 10%
5.0 1.8x10% 1.3x10Y [ 6.7x10% | 1.4x10" | 2.1x10%
10.0 1.2x10™® 1.1x10" | 2.3x10"7° | 7.2x10"° | 1.2x10%°
20.0 5.2x1078 4.2x10%° | 3.8x10® | 2.5x10%® | 2.6x10%°
50.0 2.1x10" 8.7x10° | 5.4x10"" [ 8.7x107° | 5.3x10"°
100.0 4.5x10%" 8.5x107° | 1.6x10™® | 1.9x10"" | 7.7x10%
200.0 8.8x10™"" 6.3x107° | 2.4x10™® [ 4.2x10"" | 9.2x10"
500.0 1.8x10™° 3.7x10° | 2.3x10™ | 8.4x10"" [ 2.9x10™®
1000.0 2.2x10%° 2.7x10%° | 1.8x10™® | 8.0x10Y" | 5.2x10%°

Sourse AlP, Desk Referencé hied Edition, p644.

temperature [keV]
10° 192 10°

(4]

10

[m?/sec]
-
o ©

-

S,
~
w

reactivity (ov)
-
o
5

10° 10’
temperature [billion Kelvin]

Fig.5. Reactivity is requested for thermonuclear reaction

The deuterium cannot be used in the laser reactor because one requests in 100 times more ignition
criterion then D + T. But, as you see in (23)eanay be used in AB reactor (Fig.5).

9. The power density released in the form of charged parigles


http://en.wikipedia.org/wiki/File:Fusion_rxnrate.svg
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P,=33310%"n(s Ny, Wcm?

P, =5.6310%"n,n.(s N,;, Wcm?® @)
P . =29310%"nn (s .., Wcm’

Here inPpp equation it is included D+T reactio

10. Cost of the nuclear fu¢2012).
Deuterium The sea water contains about 1163 %. The World produces about tens thousend tons
in year. Cost 1 $/g.
Tritium. The special nuclear reactors can produced it. Now the cost is 30,000 $/g. In future an
expected cost will be from 100K+200K $/g.
Helium3. Very rare isotop. The Heliw# contains 1.30%1 of the Helium3. Cost is 30K $/g.
One project offers to extract it on Moon and delivery to Earth.
Litium 6-7. Nature mixture cost50 $/kg.
Uranium-238contains 0.7% of Uranius@35. It cost 90+250 $/kg.
Plutonium-239. Cost 560@/g.
As you see the thermonucler fuel D+D is the cheapest, but D+T has the lowest temperature for
themonucler reaction. All the current experimental thermonuclear instellations are using the D+T.
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Chapter 2.

Electric Impulse Thermonuclear Reactor with the Opposed Jets.

Abstract

Chief in electric thermonucleaeactor isusingelectric voltage 50 + 1000 k\af electriccondenser
dischargg which allows to heahecompresseélel in special pelleby electricfield (impulsg up
hundreds millions degrees of temperature.

In electricimpulse anccumulativeversionof AB thermonucleareactas the fuel nucleus are heated
by high eéctricvoltage (50- 1000kV) andmagnetic ocumulative compessed into center of the
special cylindrtal or sphericafuel cartridge.

Theadditionalcompressing andombustiortime the fuel nucleusayhave fromelectric pinch
effect ancheavy nucles of the fuel cartridgeover. The main advantages of the offered method are
very smallelectricfuel cartridge (1118 mm) and small of the full retae installation(reactor has
thespherical diameter 0-33 m), using thenanythermonuclear fuslat roomtemperature and
possibility of using the offered thermonuclear reactor for transportation (ships, trains, aircrafts, rockets,
etc.). Author gives theory and estimations of the suggested reactors.

Author also igliscussinghe problems of convertingeteceivedhermonucleaenergy
into mechanica(electrical) energy and into rocket thrust.

Offered small micreeactors may be used as heaves (ignition, fusee) for small artillery nuclear
projectiles and bombs.

Description and Innovations of Electricimpulse AB reactors

Description.

Laser methodDisadvantages.

Thermonuclear reactors and, in particular, Laser methods are have been under development for abc
60 years. Governments have already spent tens billions of US dollars, but it is notryetssen
industrial application of thermonuclear energy for the comingl3.§eas. The laser has very low
efficiency (2 3%), highpressure actevery shot time (18i 10'°s), enough energy not delivered to
the center of the spherical fuel pelldbw temperature) there are many future problems the
radioactivity and converting the thermonuclear energy into useful energy.

Electric impulsemethod Early author offered five the new methods (reflex, cumulative, impulse,
ultra-cold, electric)[1 + § which is cheaper by thousands of times, more efficiency and does not have
many disadvantages of the laser andynedic methods. In given chaptie author offers a version of
the electric impulse improved reactoDetailed consideration of advantagée thew methods and
computation proofs are in next paragraph

Outline of the new electric impulseactors and methb
The improved versioof the eectric impulse AB thermonuclear reactopresented in figuresil3.

The new thermonuclear reactantains:

1) Smallcylindrical thermonuclear cartridge (cylindrical fuel amp(dganule, beat, pellehaving
two cameres(Fig.1). For fuel mas# = 10° kg, the internel diameter is aboutrin, thecamera
length isabout 1 mm; pressurd gas fuels up 200 +1000 atm.

2) Thethermonuclear reactor (sphere diameted.37 3 m.(Fig.2). Reactor &s two Version 1 2. In
Version 1the reactor has the additional installations for converting the nuclear energy into an electric,
mechanical energy, Mersion 2 the reactor converts the thermonuclear energy in a rocket thrust (fig.
3).

The fuel cartridge hadig.1): the strong cylindcal shell fromnorc onduct i ve heavy r
200}, left fuel camera 1, right fuel camera 2, thermonuclearifulelft camera 3thermonucleafuel in
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right camera 4 (one may be different from left camera), power electric condenser 5 (50+150 kJ, voltage
100 +1000 kV), negative electric contact 6, two positive electric contacts 7, thin electric conductivity
partition 8 delete the left and right fuel camerestition is burned by electric impse

1 II [ z €1k
e

b

Fig.1. Principal schema of the fuehrtridge Notation:ai side view;b i forward view. % left fuel camera, 2
right fuel camera, 8 thermonuclear fuel in left cameraj 4hermonucleafuel in right camera (one may be
different from left camera), b power electric condenser (50+150 kJ, voltage 100 +~1000 kivhedjative
electric contact, Ttwo positive electric contacts,i8hin elasticelectric conductivity partition.

Body of nuclear reactor is shown in Fig.2. One contatieng spherical bodishell) of reactorl
(diameter about 0.83 m); the fuel cartridge 2 (It is described in FigHdjder (electric conductoB
of fuel cartridge; ater of compressed air (gas)ekit of a hot compressed air (gas) after thermonuclear
heatingb; electric voltagdrom condenser 6.

The offered themonucleareactorworksthe next wayfigs. 1i 3):
1) Version 1for an electric or mechanic energy.
The internal volume of reactor body is filled the atmospheric or compression air (enter 4 of Fig.2).

6

Fig. 2. AB thermonucleaelectricimpulsereactor.Notations 1 - strong sphecal body (shell) of reactor
(diameterabout 0.3 3 m); 2 - the fuelcartridge (it is dscribed in Fig.1)3 - holderof fuel cartridge 41 enter
of compressed air (gas)i fexit of a hot compressed air (gas) afterthonuclear heating;6electric
conductor

The fuel cartridge (Fig)llifts by holder 3 (Fig.2into reactotbody. Turn on the charged (80 -500
kV) electric condenser @-ig 2). The electrons from the conta&s/ (Fig.1) areionised the fuel
moleculegqfig.1) into the left and right camerds particle they positive ionize and dissociate the fuel
molecules (for example, Bnd T are contained into camerais 8 of cartridgg. The positive ionized
nucleus of the thermonuclear fuel (having dnmredss) are quickollectivelyaccelerated up very high
temperature (up 50500 keV) and collide the collectivelynovingnucleus of opposed camera
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Partition 8 is burnedThehigh electic currency produes the strong pinch effect, delete the charged
paricles from the pellet walls armbmpress the thermonuclear fu€he cover from heavy molecules
(mass A & 200) refl ect ardineeasdeithg fasigredchon)time &fth&d ) f u
fuel nucleus. In results (as show computation) the fuellens merge and produce a thermonuclear
reaction. The thermonuclear reaction (explosive) heats the air into reactor body. For increasing the
efficiency, work mass, decreasing explosieenperature and protection from neutrons, theidiq
(for examplewater, fig3a) may be injected into reactor.

After thermonuclear explosion the hot gas flow out into the magngtoodynamic generator
(MHG) 10 and produces electric energy or runs to the gas, steam turbine and pradusesul work
(Fig. 3a). Or thédnot compressed gas runs to rocket nozzle and produces the rocket trust (fig. 3b).

IER-F2b

WAL

b

Fig.3. Final (industrial) work of Impulse Electric AB thermonuclear react@rslot compressed gas from
sphereuns to the magnetioydrodynamic generator (MHG) 10 and produces electric energy or runs to gas
turbine and producean useful work (Fig. 3aj) Hot compressed gas runs to rocket nozzle and produces the
rocket trust.Notation 17 6 are same Fig.2;i7injection the cooling liquid (for example, water)(optiony; 8
thermonucleaexplosive of fuel pellet; 10 MHG or gas (steam) turbine; XExit of hot gas

The main difference the offeredectricreactor fromthe pubished cumulative reactors [2] ig type
of explosive for getting the temperature, pressurecamnaulative effect in fuel. On [24] author used
the chemical explosive. The offered reactor uses the strong electric field for acceleration, getting hig!
temperature and cumulative effethe electric method leads to practically unlimited cheap power. In
[2, 4] the explosive is located into main spleatibody 1 (fig.1) (or gun in [2 In [4] version 1 (fig.2,

[4]) the explosive 3 is small and located in tipesal fuel cartridge (fig.46]). In current versiomo
special compression explosive. The pressure and high temperature of the fuetlaed tha high
voltage condenselt is easer and it is more comfortable in using.

In the current cartridgeversion)the fuel pullet is fillng by the compressed gas fuel (up02600
atmosphere or morelReactomot has the explosive for an additional compressihfuel. The fuel is
compressed primery argéating only by strong electric charge of a condenser. The computation shows
that is posible. We canalsouse the conventional pellet with frozen fuel.

AB Reactors are cooledsingwell-known methods between explosives or by an injection of water
into sphere (fig. 3a).

Advantages of thesuggestedeactors in comparion with ICF Laser method.

The offered reactand methods have the following advantages in comparison with the conventional
ICF laser reactor:
1. The high voltage electric condensalfows reaching the needed thermonuclear temperature.
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2. Cumulative, Impulsé&lectricAB-reactors are cheaper by thousands of time because they do not
have the gigantic very expensive lasemaynetic installations (see F§]).

3. They more efficiency because the lasstallation converts only 12.5% the electric ergy into
thelight beam. In suggested AB reactors, the all underused energy remains in the spherical reactor
andutilized in MHG or turbine. AB reactors cannot have coeffic@rused energysignificantly
less 1. Moreover, one has hedtogéncy more than conventional heat engines because it has very
hightemperature and compression ratio. One can use as the conventional very high power engine ir
civil and military transportation.

4. The offered very important innovation (&@berating of exhaust rocket gas) allows increasing the
top speed of the exhaust mass up very high speed. This makes this method available for
thermonuclearrockes.

5. Electric AB-reactos givetemperature of the fuel much more than the current ICF laser
installations.

6. Thecompression has longer time (up t6°1010° s) than a laser beam pressing{10L0*? s),
becausenolarmassfd 200) of heavy mdgeirfig.)lsenany imeo(®0er o f
100) heaviethan fuelmolarmass(p = 2 + 3)This pressure is supported glyock wave coming
from movinggas and pinch effect. This pressimereases the temperature, compressing and
probability ofthermoruclear reaction

7. The heavy mass of the cover of caige(fig.1)( havi ng hi gh nucl ear ) numl

not allow thenuclearparticles easily to fly apart. That increases the reaction time and reactor
efficiency.

8. Thesuggested ABhermonuclear reaar is small (diameter about 6:5 m or less up 0.3 m) light
(mass is about some ton or less up &kQ) and may be used in the transport vehicles and aviation.

9. The water may protect the material of the sphenma fneutrons.

10. It is possible (see computations) the efincg of AB reactors will be enobgor using as fuel only
the deuteriunfor others)which is cheaper then tritium in thousands times (One gram of tritium
costs abouB0,000 USdollars One gram of deuterium costs){$ee Estimations of a fuel cast)

11. The offered AB reactors have high temperature. dllat/sto use the fuels do not give
the heutrons angammaradiation. These fuels are safety for humanity iasthllatiors.

12. Offered reactor may be used $yntheseglements.

Theory, computation and estimation of Electric, Cumulative and Impulse AB

reactors and comparison themwith current laser ICF.
Estimation of Laser method (ICF).

For comparison the laser and offer Electric, Cumulative and Impulse AB methods, we estimate the
current ICF laser method.

Typical laser installation for ICF has the power 5 MJ and deliver to pellet about 20+50 kJ energy. The
pullet has the 1 10 mg liqud (frozen) fuel D+T (density 200 kgfn diameter of the spherical fuel
pullet abouti 2 mm, diameter of an evaporative coatirig 4 mm.

Let us take the delivered enery= 50 kJ, volume of the coating= 5 mn?, specific weight of
coating 9= 400 kgm® (molar weightu = 10).

For these data and instant delivery of laser energy the maximum pressure in cover is

f=2= 2= 101 % = 10%Mm 1)

But weknotv avimabpart this pressure transfer to the fuel pellet.

Number of nuclear in 1 ¥rof covering is

g _ 0440

. toaerag” 2420 Iml
P ' (2)
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Herem,=1.6710°" is mass of nucleon (protofRg].

Temperature of evaporating cover is
_p 10°
" nk 2440738407
Herek = 1.38 10% Boltzmann constant, JIK
Speed of evaporated covering is
4 8T @ _&48(1.3810230 §°

=340 [K]

®)

=& 8 = = <. ¢ =
\% & m, o %.14@0(’16760275 251Q0° m/s=251km/s “
Time of evaporating for thiciess of covering=210°m is
_1_240° __.
=== —=8Q0° s
vV 25140

®)
Let us to consider now the process into pellet.
The density of fuel particles is
_ 9 _ 200

= 200 _4gage L
mm, 25Q.67Q0 m ©6)
wherep = 2.5 is average molar mass of fuel D+T.

The frozen (liquid) fuel, after converting in gas, has a temperature of abodiK.

The pressuraveragespeedVv, of particles afteconversiorof the fuel nto gas (plasma) and sound
speedV; to fuel gasat temperature 4K are:

p, =n,kT=4.8A40°313800%2 4=26500 N/m’=265 atm

ny

o 12 .. .. .. A2

a Q0 3 = 7
v = 8kT 0 :% 80.3800 ._@278 —183™M @)

@Jnmp+ €3.14Q250.67Q0°" % s

o /2 2

oy ..
ap, 9 42.65Q0 9
Vi=&10 =g———g =115 m/s.
Additional fuel pressure inenterof pellet from two opposing sound wave buopis
p, =7 (V,)*12=200320115°/2=5300 N/m’=53 atm @©

Fuel emperaturén centerof small mass pellet where two opposing sound (shock) wave-opmp
happens is
_pmm(V,+V,)?  314250.67A07(183+115>
- 8k - 84.380:0 % ©

In realty, the full pressure and temperatimecenter of capsule is much more. We compute ONLY the
sound wave. Any shock wave becomes fast at sitance the sound wave. However, in our case this
computation is very complex.
Current inertial reactors have the maximal rate of fuel compressing in center of pellet about
X ° 600_ (10)

Criterion of ignition (for radius of pulle®, = 0.02smand solid or liquid fuej = 0.2 g/cni) is
rR=r Rx**=0.20.02@600*° =0.28<1

wherej in g/cnt, Rin cm. That value is not enough.g8 < J.
You can imaginé with just a small effort and we will fulfill the criterion of ignition! Look your

attention in ery low temperature of fuel Y9For this temperature, the criterion may be wrong, or area
of the ignition located into center of pullet mag very small, that energy is very few for ignition of all

T =105K

11)
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fuel?

Estimation of some parameters thgroposedElectric Impulse AB reactor.

The proposed Electric Impulse AB Reactor accelerates the-#uéfi@.1) by a strong electric field
(100+1000 keV) and heats the fuel up 100+1000 keV. The ceflmies and electric pincleffect
compresses and additional heats the fuel up to verywaigles, producing a nuclear reaction. Inlike [1
i 4] the cumulative explosionis produced not chemical explosive but a strong electric impulse.

Below is not meggroject. Instead, below, is the estimations of the typical parameters of electric
impulse AB reactors.

1. Suitable thermonuclear reactions.

The corresponding reactions are:

D + “Me (¥5MeV)+n (14.1MeV);

D + D YT ( p(E0o2aveN B0% +

D + Pe(0f82MeV) + n (2.45MeV) 50%

The deuterium cannot be used in the laser reactor because one requests in 100 times prore igniti
criterion then D + T. But D+Dnay be used in AB reactors with an additional heating by eldietic

The>He is received in deuterium reaction may be used in next reactions:

D+3He “Me (3.6MeV) + p (14.7MeV);
*He +3H e “Hfe +2p (12.9MeV)

They produce only higenergy protons which can deectly converted in electric energy. Last
reactions do not produce radio isotopic matters (no neutrons).

Reaction D + D has the other distinct advantages:

1. One produces the protons which energy can be converted directly to electric energy.
2. One poduces the tritium which is expensive and may be used for thermonuclear reaction.
3. One produces less and low energy neutrons which create radioactive matters.

The other important advantage is using the pellets with compression gas fuel. Let usitake a m
balloon (pellet) having fuel gas wifla, 200 atm., radius 0.0&m., temperature 300Rhe mass fuel
will be less 1 mg.

Compressed micrballoon (pellet) is more comfortable for working because it is unnecessary to store
the fuel at lowe(frozen) temperature.

2. Cumulative ncleus speed, tempature and pressure in thfeel cartridgeafter electic impulse
When we turn on the high voltage electric impulse, the power electron flows into pellet vaporize,
ionize and dissociate the fuel.
The average ion (nuclear) temperatureThe average voltade = 15 kV, 100 kV of condenser is
accelerated fuel ion in vacuum . The ion temperatureis
T=1500A4.18040' =177A0C K, T=10FA.1840 =1.1840 K . 12)

This temperature will have the fugds is filled the cartrige. The energy of ionization and dissociation
is small (3 + 15 eV) in comparison with energy from acceleration (15 + 100) keV. We can neglect it.
The full ionized ions are moving as one whole.That means no gas resistance for &cgldleration
(electron mass is only 1/1836 of mass proton) . Any atom in internal space of cartridge will be ionized
and accelerated in two countéow directiors.

The average speed of ionsand ion and electrorid fol5 kV is:

v = |22V :\/22-5635722303 010 ™y = [22U :\/20.6(_:_101_?15303 o scag ™
m, - S m, 25®.100 s 13
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Heree=1.610"%is charge of ion, QY is condenser voltage, i is relative mass of molar fuel D+T;
my= 1.6710%is proton weight, kgne= 9.110%is electron mass, kg.
The average time of ion and electron movingdistance. = 1 mm and speed = 1¢° m/s are:

T=—="=180°s T,=—=—"1_=21700" s
vV, 10 VvV, 46040 (14)
3.Maximal deviation of fuel ion from cartridge centeris
r, =V,T, =1750Q0° =1.75Q0° m, (15)

WhereV, is speed of nucleon for temperature at 300 K.

4.1on free path in the centef the cartridge
1 1 .
| = = _ =3.76Q0* cm
J2ond?  V283.14G.4A0°(5A01%)? . (16)
Here n = N/v= 2.410"%10°%m?3is density of fuel ion in center of cartridgeig volume 1 cr), dis
ion diameter, cm. Than means, the ions will collisions many times at center of the cartridge.

5. Thermonucleaenergy One/tenth mg (10kg) of thermonuclear fuel D+T has energy:
Number of nucleus:
M 107

mm,  250.6740%

p
Onepair of nuclear D+T produces energy= 17.6 MeV. They; nuclear particles contain the energy

E=05n,E =05@40Q0°17600 =21100°eV=21140"1.6Q0" J =3.38Q0 J 18)
Onepair of nuclear D+D produces eneri§y= 3.64 MeV. Then- 310" nuclear particles contain

the energy
E=05n,E =05300°3.64Q0 =5.46Q0° eV =5.46A00°1.6QA0 " ° 8.74Q4C J

=240Q0° (17)

n,

(19)

If coefficient efficiency of the Electric Cumulative AB Reactodis 0.3, 0.1 mg of fuel T+D
produces the energy 10 million joules, D+D produced 2.62 million joules. If we make one explosion
per sec, installation has the power of 10 million watts (T+D). The part of this energy will be produced
inside fuel microcapsuituel pellet (3.5 MeV fronfHe, E = 6.7610° J) the most of energy (14.1 MeV
from neutronsE = 2.710" J) will be produced into the big containment sphere .

Conventional coefficient of nuclear reactor efficiency is about 0.3+ 0.5, the steam (gas)iturbine
about 0.9.

6. Estimationof pressure and temperature after nuclear explosiamactor (more precisely, inside
reactor sphere)

Let us to find the pressure and temperature after thermonuclear explosive the 0.1 mg fuel D+T into
reactor having sphere 1*filed by air.

Number of nuclear particles in sphere 1im

M 107

" mm, 25067407

Full thermonuclearreergy @ = 1):
E, =0.5nE =05Q.40Q0%76Q0 =21140°eV=3.38Q0 J

=24Q0°

1
m (20)

(21)
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Numberof air particles with air density= 1.225 kg/min pressur@ =1 atmpyd 28 i s

n, = M o 1225 —=26Q0° is (22)
mm,  28QA.67QA0 m

p

If coefficient efficiency of thermonuclear reactiordis 0.3 in volumel n*:
_hE, _0.3(3.3800

n

\'

Total pressuré nuclear explosivespa  1ahD
Temperaturef gas mixture of explosive plus nuclear fuel is
. p 10
(n,+n)k (26Q0°+2400°0Q.38Q0%
If we increase the initial pressure into reactor body up 10 atm, that the temperature decreases to
2790K.
The same temperature is in a combustion chamber of conventional engine of the internal combustion
We can use the conventional cooling system.
The same method may be used for estimation of injection water into installation body or any garbage
material in a space ship.

=279Q0 K

(24)

7. Possibility charging the calenser.
If we use the fuel D+D in our reactor can directly produce protons h&yin@.03 MeV. For fuel
107 kg (N = 310™) in one explosion (cycle) and efficiertty 0.5 that gives the electric energy
E=0.51E,eN=0.51.53.030¢ A.6A0"°3A0° =3.6QA0 J
This energy in 50 times more than energy@2J, which is requests for heating fuel for
thermonuclear reaction.

8. Thickness of sphere covétssume the spherical cover of reactor is made from conventional steel
having safety tensile stress= 50 kg/mni= 510° N/m?, pressure is 100 atm. Thelfténsile force ig
=’ p=3.140.510" = 0.78510" N. Requested area of steefs= F / F10.785107/510° =0.0157 m.

The thickness of sphere wallis # 2% 0.0157/2.140.5 = 0.005 m. Mass of sphereMsao 8=
78003.140.005 = 122.5 kg. Her®= 4r% 43.140.5=3.14 nfis average surface of sphere.

If we use the more strong material for sphere wall, for example: 1um iron whisker having safety
tensilestresstid 4 00 *k4d0® MWm?>, we decrease t h&timesp¥eeanaldos n
make the sphere wall from composite materials (example: an artificial fiber carbon or glass having
safetystres§da 100 0O abdddenisityo/= 150 + 2700 kg/fi). There are many othezgests
to sphere cover.

9. Cooling the sphere by watdf.explosions are very frequent, we then can decrease the wall or/and
gas temperature by injection of the chilled or room temperature water. The water also protects our
installation from highkenegy neutrons in other words, it behaves as a shielding materials.

Let us estimate the amount of water which decreases the temperature and pressure of gas (at most
steam HO) into sphere for magnitudes acceptable for current steam turbire®dFC = 672 K. The
critical point of water (triple point) i = 273C, p = 22 MPa.

Heating 1 kg water from 2C to 100C requests enerdy = Cpop T= 4.1980 = 333 kJ, evaporatidanr
= 2260 kJ, heating of steam up 406 E = Cyp T= 1.05300 = 315 kJ. Total amau of water heat
energy ik, = 333 + 2260 + 315 = 2908 kJ/kg. Total mass of water for nuclear effictendyequals
My, = E/E,, = 3.4107/2.910° = 11.7 kg. Fod = 0.3M,, = 3.5 kg. The 2 3 cm of water thickness
protects the installation from high energy of neutrons produced by reaction D+T.
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Unfortunately, the injection of water before decompressing strongly decreases the efficiency of
installation.

10.Run protons ad heavy nuclear particles
The physic directory by Kikoin, Moscow, 1975, p. 953[12] gives the following equation for running
the protons and charged heavy patrticles inside gas at pressure 1 atm

am. o
RX(E = R PE
: pan—g § , (25)

WhereRis run of the investigated particles, is mass of investigated particles, is mass of proton,
Ry is run of known particles in a known environmeats energy of particles in MeV. The run of
proton in H at pressure 1 atmosphere is in Table 6:

Table 6. Run(rangg of proton in gas Kat pressure 1 atmosphere
EnergyE [MeV] 1 10 100
RunR [cm] 10 5100 210

For particlesf‘He (3.5 MeV) in reaction D+T under the presspire 10'atmosphere the run is
R (E) = R %Eg/ p° R a,}lcx 50/108 °©440/10 =4A0°cm® 4A0° mm (26)

Thatmeansthe al | energy of the charges particles
particles. If probability of an initial reaction is more than 10 keV/3500 keV = 1/ 350, the chain reaction
and ignition will occur .

In the Electric ImpulséB Reactor these conditions areviolefuel capsule, in laser reactor of many
times lower conditions may lmalyin center of fuel capsule (collision of the imposed shock waves). If
reacted particles run out the center of capsule, its energy will wasted.

The run way of neutrons is large and is very complex function of eaedygonditions of
Environment.

11.Converting the nuclear energy Bfectric Impulse AB r&ctor to dectric, mechanical energy

or rocketthrust.

The best means for converting the nuclear energy of the offered Reactor is magneto hydrodynamic
electric generator (MHEyenerator) which converts with high efficiency the high temperature and high
pressure plasma directly in electric energy. Togethtr @épacitors one can produces continuous
electric currency. Impulse work of reactor allows to cool the reactor by injection the cooler (or
conventional cooling) and protect the Electric Cumulative AB Reactor installation from very high
temperature.

Thesecond way for converting an Electric Cumulative AB Reactor nuclear energy is conventional
heat exchanger and gas turbine. As cooler may be usdelLiBe i melted mix of fluoride salts of
lithium and beryllium.

The third way is injection of water ingdsphere and stesturbine as description over.

12.Using theElectric Impulsereactor as an impulse space rocket engine.

There are good prospects (possibility) to use the suggested Electric Impulse AB Reactor as an impuls
rocket engine.

Assumethe fuel energy is £QJ and mass of cartridge is 5 gram. If plasma will flow from reactor to
space the average speédf jet is

mV? A2Eg° a42a0 g’ o m
From E= weget V=—-0 = %— =2A0 — =200km/s
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HereE = 10%is nuclear energy in one impulse one mg nuclear fusl, =5 g is themass injected to
outer space (fuel cartridge), kg.

Received speed = 200 km/s is in many times more than a curextitausthemical speed 3 km/s. If
of space apparatus has mass= 1 ton, the ship speed change¥ix (m/np)V = 1 m/s in one impulse.

If we spend 10 kg of fuel cartridges, the apparatus get speed 2 km/s.

More importantly, the next possibility is of the rocket powered by the Electric Impulse AB Reactor.
Any matter from any planets, asteroids, space body may be used as fuel (or &mlénnssion) for
increasing the derivation of impulses. For example, assume the captured solid object moving through
spaceis composed of some water, and we filled rocket tanks using that mined plaettrasteroid
water. From (2yYand Law of equal imydse we have from every impulse

V,° (2Em)'?/m,=(2QF 46"*/10°=566 m/s 28

HereV; is additional speed of space ship;mass jet, kgm = 16 kg of waterm, is mass of space
apparatus.

13. Estimation of the neutron penetration
| =1/ns, (29)

Wherel is path of penetration, cmis density of material, 1/cin  =4.02* cnr? is cross section of the
neutron For steel = 12 cm, for compressed air up@atm thd = 205cm.

14. Requested thickness of they | i n do | asmebrical r”@ shellis
aDo % po aDo %+_

C d = S = gd = S+ - (30)
WhereD is outer dlameter o‘shell,d is inner dlameter oﬁhell,p is pressure, atn] is safety tensile
stress kg/crh Example, ifp = 10kg/mnt, 0 = 28hen(INdy A nPin.

Detail Estimation of Electric Impulse Reactors for transportation engine

1. Estimation of nuclear energy (power).Let us make more detail estimation the Electric
Impulse Reactors for engine of transport vehicle having the fuel pellet 0.Mrgl0’ kg) with
fuel D+T and D+D.

Estimation of energy the D+T fuel for the coefficient efficiedcsy0.5 is;

The couple nuclei T+D produces nuclear endtgy 17.6 MeV.
NumberNo f f u el nucl ei 8s i s:
7
N= o 100 - =24Q0°
mm, 2.50.67Q0 :
Herep is average relative (molar) mass of D+, is mass of proton, kg.
The nuclear energy of 0.1 mg D+T fuel in 1 Hz for efficiedey0.5 is

E =0.5E,eNy =0.5A76Q0 A.6A0"°24A0°®.5=169AQC ° 17MJ/Hz _

Here e= 1.610"°is charge of electron, C.

Thatis power energy of th2 + 5 power aviation turbengines. If one cycle in second (1Hz) is
not enough, we can decrease the frequency. The piston engine hagQpeb0lution per second,
the high speed aviation gun 80 shots in second.

If we use the D+D fuel having singleergyE; = 3.15 MeV ,u = 2,N = 310" the nucler energy

E =0.5E,eN7 =0.53.1500 A.6A0°3A0°®.5=3.840° 3.8MJ/Hz
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is aproximetely in 4.5 times less becaksés less.

2. Size ofcartridge and pellet. Let us estimate the size of the electric impulse cartrige having an

internal diameted = 1 mm. The thicknesg of the cartrige wall is 0.5 mm.

Let us estimate the compresgesllethaving gas mashl = 107 kg, pressurg = 1000 atm =19
N/m? andT = 300 K. Specific density the gas D+D, D+T in compresgieriatm is} ;= 0.1 kg/r.
The relaive outer diameter o$phericalpellet for pressur@ = 10 kg/mnt and the safety tensile
stress of the pellet covér= 50 kg/mnf with according (3®) is

D o ~ 01 ~
2=aPeB-2"vif-12
d ¢ <+ ¢b0 =+ _
Outer diameter of cartridge for safety tensile stress 50 kf/msn D & 1. 2 mm.

3. Estimation of requested an acceleration time, electric currencynergy for fuel heating.

Let ustake the fuel D+D, madd = 10" kg, the full fuel camera has internel diameter 1 mm,
lengthl = 2 mm separated in two subcameres 1x1 mm having vohéme 1 * (figri) each.

The number nucleus in subcameralis 1.510", density in 1 cri(m®) is

- o
=N 15007 gage L 1sa00 L
v 10 cm m
The pressure at temperatdre 300 K is
p=nkT=1500°0A.38A0*300=6.2100 N/n’ = 62latm
Electric charge located in every subcamera
Q=Ne=1500°0.600"=24 C
Let us take @erage voltage of condenser= 50 kV and the length of subcamérl mm =10 m.
Then averege intensity of electric field is
E.= U/l =510%10° = 0.510° V/m.
The force acting on the charge is
F=QE=24M5GC¢ N=124C N.
Acceleration of charges
_F _124c¢
M 05407
Acceleration times
82§ a2®m500°)"
"Gl "Fosa0s 8
Herel = 0.5 mm is average distanse of the charge acceleration.
Averagechargespeed in end of acceleration is
V =at=2400°®.42@° =10 m/s

Kinetic energy of fuel is

=24a0° 0.
S

t =04200° s

2 7 2
coMVE 10700 | g s
2 2 :
Electric currency is
-9- Lg =57QA0 A
t 0.42Q0

Energy of electric currency is
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E=1Ut =57A0 GA0 ®.42AQ0° =1.240 J _

HereU = 510V is everage voltage of the condenser.
Estimation of evarage magnetic pressypnch effect)
IntensityH of magnetic field is
1 _ 5700
T 2pr 23.14M540°
Herer = 0.5 mm is the internel radius of fuel pellet.
Pressure of magnetic field is

-18a0% A
m

2 7 NP
p=mi_ =410 L8A0) _ o407 N -2a0° atm
2 m
Herepo = 407 is the magnetic constant.

This pressure increases the fuel density,igytimes and separated nucleus from the capsule walls
Nooe = P/ P, =2Q0°/621=322Q40° n_, =nN,, - 1.5Q00°322Q0° =4.8340” 1/cm’
The probabilityP of te nucleus collision for tenemature(voltage) =16e V. ( cr oss 1§ect i o
fig.4), nucleusdensityn =nmgand t he | ength of the opposed | e
P=snd=4Q0%&.83Q0°®.50Q0'=9.7Q0 2 1
In reality the probability is less 1, because the number of reactive nucleus decrease as result of

reactions
N(d)=Nq(1- exp- sna)).

After collision the left and right collections of charges, 8t@ck wave will move in aylindrical
capsule reflected fronts ends That oscillatiormay be support by electric impulses and increase
the reaction time.

Evaluation time retaining a high temperature and pressure

Rate of collising the plasma iones af@erageelectric heating = 10°eV is

n=48Q40°Z'm"*ndnL ¥ [1/5]=48040° Q" G2)**1.5Q0*A0A0 " =1.6QCF [1/5]

Here Z = 1 is charge staje,= m/m,= 2 is molar mass expressed in units of the proton mass,
1.510%%is ion density, 1/cth T is temperature expressed in eV.

If the cover of pellethagd 200 anuk i2o0n ththaes fuel i on can pas
ion after &20 0 /inZpacts. THaDMeans the time sfithem teansfer its energy
encreses in100times and will be less 10sec.In reality for need mass of fuel cover the additional
reactvity time tie may be 18+ 10° seconds.

Estimation of received energy and the energy contained in the fuel.

Let us to estimate the received energy from D+D fuel having Mas40’ kg (without energy of
the first hit) and energy containing in fuel felectedl = 10° eV and the capcule pressure 620 atm
= fuel densityn = 1.510%? 1/cn?.

The thermonuclear power is

P, =3.340%n*@sv),, =3.300° @.540%)° A5A0% =3.34A0° W/cnt.
Here (5Vv),, =4.50Q0" istakenfromTable5

The energy getting in time= 10° sec is
E = PopVvt = 3.3410°2.10°10°=6.6810° J.
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Herev = 2.10° cm® is volume of fuel pellet.
The fusion energy of couple D+D nucleus is
E;=3.65MeV = 3.6510°1.610"°=5.8410" J
Full energyM = 10" kg of fuel D+D is
Er= 0.5NE;= 0.51.510°5.8410° = 4.410° J .

We get the full energy is less than the received erergyhat means the time of themonuclear
fusion is less them 10sec. In fact the fusion time will lggnificantly smalle.0° sec because a
pinch magnetic effect is strong compressed the gas fuel.

Loss the heat throw @ahermal conductivity.

The loss the heat throw pallet wall is
Q=a(p)F MT M =100B217.800°A.16A0 A0°=0562 kJ/Hz

HereU= 100 W/(nfK's); p = 621 atm{ = internel surface of pallet; 7T =10° eV = 1.1610"° K
is avarage temperature, Kis time, sec.

That i s smal/l part from the spent electric en
Bremsstrahlung radiatiofg, of a hot plasma having temteratufie=10° eV.
— 1633h2 2 eWg

/12 — 32,,211/2 — o 32 A o 2\2 12 A — %
PB,—\/é—mS/ZneTj Z =1.69210*n’T°Z,, =1.69Q0 * @L5AQ0%)*(10F)"*A=1.240° &b

HereUis the fine structure constarti s P 1 a n ¢ knk B mase of slécteomdis, electron
density, 1/cmy Teis electron temperature, e¥%i s fef fectived ion charge
The loss of energy by volume= 0.002 cniin timet = 107 sec is
Ebr = Pervaet 1.210°210%107 = 0.2410° J.
That is 5.4% from full enery.

4.Estimation of electric condenser For heating of fuel we use the short strong electric impulse.
For impulse theelectric condenser may be used. Let us to estimate the condenser parameters for
getting the fuel temperatuile= 15 keV (plasma temperature is 30 keV for opposet jets) .

If fuel mass isM = 0.1 mg = 10kg, the number of nucleus for D+T is

M 10" .
= m i 2.4Q0°
mm,  2.50.67Q0 :
For D+D theN = 310",
The energy W is needed for heating the fuel D+T up temperatarkb keV is
W =NT@=24040°15001.6Q0" ° 60kJ _

For heating D+D fuel is W = 72 kJ.

The minimal specific energy of ceentional conductor according [ . 368 is 2
Consequently, the requested mass of condenser is abbu63Kg. But if we can use the advanced
supercapacitor(o = 10 kJ/kg) or ultrecapacitor § = 20 kJ/kg) or capacitor E&tor, having claimed
capacityo = 1000 kJ/kg, we canedreased the capacitor mass. In any case, the capacitor mass is
small part of thermonuclear engine.

5. Estimation of capacitor discharge The electric schema of connection the condenser to fuel
pellet is present in fig.5. That contains: the condensirelsource of high voltage 2 (higbltage



32
electric generator drattery), fuel cartrige (pelleB;, and connection wires having the electric
resistanceR,.

The source charges the condenser has voltage up 50 + 200 kV, energy 70 + 200 kJ. The condenser
connects to fuel cartrige.

Rz

| .

Fig.5. Electric schema of connection the condenser to the fuel pédtdtion R, is the resistance of fuel
pellet,R; is resistance of the connection wires from condenser to the fuel pellet, 1 is condenser , 2 is high
voltage elecic generator (battg).

Electricresistance of a copper wires connected condenser to cartidgeis (fuel pellet) is
| 200 _ ..
R, =r-2=17500°%"—= 5 =7Q0° W
s 0
Wherelo= 200 cm is length of one wire, c®= 5 cnfis crosssection area of wire, s~} =
1.75.10° is a coefficient electric resistance of cupper
Estimation the plasma resistance into cartridge. The plasma resistance coefficients are
h, =1.03QA0°Z0nL O *2.

ForT =10eV A, ©1.030A0°AA0A0%%=3.16A0* W&m.
ForT=10eV A.°1.0300°AA0AQ0"°=32A0°wem
Here:Z= 1is ion charge of fuel D, T; In= 10i s

C o | lagarithe; @ s temperature, eV
The plasma electric resistarfoe fuel camerad, =1 mm, arez= 1 mnf are
ForT =10eV R =A. I——316C[04 0.1 °©1.600° W,
S 2M.01
ForT=10eV R =h, I——32C109 01010 1.6Q0° W.
Let us take thaverageelectric resistanck = R.l + 2R, = 10°

= . The
Time of the condenser discharge for initial voltage 30 kV
_RE _10°60Q0

C 0 n cEe B0skéd. r
0z (30(.103)2 =6.6700% s

eneil

The time of discharge is about time of the full thermonuclear reactichsj10
The average electric currency in cartridge

_E__ sac

=— ——=03040 A
Ut 30A0%6.67Q0
Capacity of condenser
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. g
= L = —6'67%0 =6.67Q0° F
R 10 :
The specific energy weight [J/kg] of thecondenser may be estimated by formulas
ek,
9=
g

Where(}= 8.8510" F/m is electric constantia 3 dielectric constanE;& 160 & 640 MV/ 1
safety electric stress of isolatord 1 00 0 & °i8 dpexific weight ofrisolator. The& 3
kJ/kg.

Electric switch must be very fast{ 10° s)(electronic or explosive) and pass very high currency.

6. [ lectric breakdown. For starting fusion reaction the spark gap into the fuel pellet must be less
the definite value. According [14.123, fig.51for plates in compressed hydrogen the voltage 10
volts has the spark gagul = 10° kPamm (herep is pressure, kPatis distance between plates,

mm). That means for 2@olts and a length fuel cameda= 1mm the maximum hydrogen pressure
can be lesp = 10'/(5 10*1) = 200 atm. That is not problem because the plates we can change the
spearheaglwhich decrease the need distance in 5 times or put in ¢oeldactiveyarns.

Look your attention, the offered method allow to get very high thermonuclear temperature. We
takeU = 15 + 50 kV, but no limit tak&) = 100, 200, 500 kV. The 200 kV produce the temperature
T =20010*1.1810" = 2.3610° K (two billions!). As you see in §. 4 and estimations over, that
significantly increase the probability of thermonuclear reaction and produce a fuel for the other
reactorWe can use the cheap fuel produced few neutrons, many protons, expensive elements,
which can be a fuel for thermoneelr reactors.

Cheap and quicktesting of the proposed idea and method.

The offered idea and methoflthethermauclear fusion has tHauge advantage over other
known methodsOne does not need in billions dollars and tens ofsyfeacheking up idea and
getting a stable termonuclear reactibhe method may be checked by many enthusiasts and
ameteurs of new technique.

Testing the offered method is very cheap (ten tamaislollars)and need & months.
Experimentemakes or orders only thepulletshaving different fuel (D+D, T+DD+°He, etc., mg)
and condensdraving a high voltage 53 100 kV andapower 601 100 kW. No complex measure
devices. If no thermonuclear reaction, éxperimenter gstthe electrispark. If theras the
thermonuclear reaction, the experimenter gets an ewrplgsills theenergy of 2 8 kg of TNT
(for mass of fuel 0.1 mgPne successful test allows beginning a design of the engines for
transports.

Discusson

About sixty years ago, scientistonducted Research and Development of a thermonuclear
reactor that promiskthena true revolution in the energy industry and, especialli, inma n ki nd 0 ¢
aerospacectivities Using such reactor, aircraft could undertake flights of very long distance and
for extended periods and that, of course, decreases a significant cost of aerial transportation,
allowing the saving of evanore expensive imported dilased fuels. (As of mi@006, the USA
DoD has a program to make aircraft fuel from domestiarahigassourcey The pressuretime
andtemperature required for any particular fuel to fuse is known as the Lawson critekiawson
criterion relates to plasma production temperature, plasma density and time. The thermonuclear
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reaction is reatied whenL is more certain magnitude. There are two main methods of nuclear
fusion: inertial confinement fusion (ICF) and magnetic confinement fusion (MCF).

Existing thermonuclear reactors are very complex, expensive, large, and heavy. They cost many
billions of US dollars andrequiremany years fotheir design,constructionand prototypetesting.

They cannot staplachieve the nuclear ignition and the Lawson criterion. In futbey will have a
lot of difficulties with acceptable cost of nuclear energy, wibmwerting the nuclear energy to
conventional energy, with smalhdérmonuclear installation suitable faramsportation or space
exploration. Scientists promise an industrial applicatiom@fmonuclear energy after 105 years
additional researches anéw billionsof US dollars inthefuture. But old methoddo not allowus
to reachan industrial or transport engimrenearest future.

In inertial corinement many scientists thougiat short pressure (20 10%%s), which they
can reach by laseream, compress the fuel capsule, but this short pressure only create the shock
wave which produced the not large pressure and temperature in a limited range area in center of
fuel capsule. The scientists try to reach it by increasing NIF, but plasma fittahiaporization
the cover of fuel capsule does not allow to delivery big energy. After laser beam, tbapsige is
Anakedo c apanndt® keeftlaehisgndrgy particles of the nuclear ignition and loss
them. Producing the power laser tveis very expensive d@mhas very low efficiency (12.5%).

The offer methodEIF (Electric Impulse Fusionjoes not have these disadvantages. s the
primaryhigh pressed gas fuampoulesanddirectly heats thento needhigh temperaturey special
electric impulse in special cartridge. The sheltapsuleprotects the fuel by the heavy elemefpis
= 200) having high number of nucleons A and charges Z. They reflect the light protons, D, T,
repels highenergy reacted particleB (T, °He, “He, p) back to fuel and significantly increasing the
pressure andonformation time.

The laser ICF, MCF ideasannot be used forhérmonuclear reaction insi classical form.
Producedtemperatureand pressure by laser ICF and magnetic MCF are not dndog
thermonuclear reaction. The main author innarats using the electric field {2] for reachingthe
need temperature (up 1000 MeV) and usingpiti@ary compressing the gas fuel (up 1000 atm) in
specialampoules Tha increases thatensity of nuclar reaction(and temperature) in hundreds
times.

Author noted theathe mass of fuel iwery small and allows reachintpe high speed by
opposed high intensity electric fields

The impotent innovations are the compressed the fuel gas into fuel carttidg®na

temperature and an electric impulse for heating of fuel up the thermonuclear temperatures. The
current ICF uses the frozen fuel about absolute zero. That is not acceptable for practice. Author also
suggested the transport nuclear engine and nudeleet.

The method possible allows to use reaction D#idtead D+T)with cheap nuclear fuel D
(Tritium is very expensivé about30,000USD pe 1 g deuterium costs 1 $gOne also allows
using the compressed fughs at room temperatund/e can use #nuclear reactions which do not
produce theneutronsand gamma radiation. They are dangerfoupeople.

Testing the offered method is very cheap (teousanddollars), need -& months andnay be
made by manyraateurof technique They make or ordenly thepullets and condenser.

Condusion

The author offers a new smakry cheapElectric Impulsethermonuclear Bactos (EIR), which
increases the temperature gframarycompresseduclear fuel inttlousands times, reaches thgnition
and full hermonuclearreaction Electric Impulse ABReactor herein offered by its originatozpntains
several innovationand inventions
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Main of them is using a electric field/hich allows to accelerate theermonuclear fueb very
high speed which (asis shown by computationsheating up théaundredsnillion degrees of
temperaturelmportant innovation is compressed gas fuel at room temperature, instellation for
electric and mechanical energy and thermonuclear rocket.

The offered reactor is smallery cheap, may be usddr nonexpensiveelectricity,asengine for
Earthtransportation (train, truclseagoing shipsaircraft), for space apparatus and for producing
small and cheapnd powerfulveapors. Closed ideas are in [112].
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Chapter 3

Electric Cumulative Reactors

Abstract.

The author offers the new, smalidcheap electric cumulative thermonuclear reactors, which
increases the temperature and pressure of its nuclear fuel by millions of times, reaches the required
ignition stage and, ultimatelg,constantvell-contained thermonuclear reaction. Electric Curtivga
AB Reactors contain seveliahovations to achieve ifgower outpuproduct.Chief among them in
electric thermonuclear reactors are using moving cumulative explosives and an disdtacge,
which allows to accelerate the fuel and special nudteusry high speed which (asown by integral
computations) compresses the fuel thousaidss and heats the fuel by elecingulse tohundreds
of millions degrees of temperature.

In electric cumulative veisn of AB thermonucleareactorsthe fuelnucleus are accelerated by high
electricvoltage (15 + 60 kV) up the hundreds millions degreecamdulative compresseitto center
of thespherical fuel cartridge Theadditionalcompressingigndcombustiortime the fuel
nucleusmayhave from heavy nuclewf the fuel cartridge.

The main advantages of the offered method are very smhdidtteidge (1318 mm)of the full
reactorinstallation(reactor havingpherical diametg0.3- 3 m), usinghe thermonuclear fuel at
roomtemperature andchieves tapossibility of using the offered thermonuclear reactor for
transportation (ships, trains, aircrafts, rockets, etc.). Author gives theory and estimations of the
suggested reactor&uthor also igdiscussinghe problems of converting the
receivedthermonwlearenergy intanechanicalelectrical) energy and into rocket thruSffered small
micro-reactors may be used as hea\mepellant aftergnition, fuse) for small artillery nuclear
projectiles and bombs.

Main difference proposed fueartridgefrom vesion in Chapter 2 is the spherical forgpherisform
allows to use cumulativeffectand increase the fuel pressure. But we loss the f@ffebt and may the
problems with thin central electrode.

Keywords:Micro-thermonuclear reactor, Cumulative electric thermonuclear readtopulsethermonuclear
reactor,transportationthermonucleareactor, aerospace thermonuclear engineclei fuse, thermonuclear rocket

Description and Innovations ofElectric Cumulative AB reactors

Description.

Outline of the new electric cumulativeactors and method.

The improvedrersion 1 of the electric AB thermonuclear reactofgésented in figuresil3.

The new thermonuclear reactor contasmall Ephericaldiameter is 11 18 mm) thermonuclear
cartridge (special fuelmpoule granule, beat, pellet, Fig.1), thermonuclear reactor (sphere diameter
0.37 3 m. fig.2, Ch.2. Reactor ks two Version 1 2. In Version lthe reactor has the additional
installations for converting the nuclear energy into an electric, mechanieajy;in Version 2 the
reactor converts the thermonuclear energy in a rocket thrust,(fih.3.

The fuel cartridge ha@ig.1): the spherical shell 1; conductive layer Zyeected to condenser 7,
layer 3 of heavy material (ner mass about 200), (optiordyer 4 contains the thermonuclear fuel in a
solid compound (option): internal volume of cartridgeége 6 of a conductive needle connected with
charged condenser 7, agry sm# conductive compressed fuellfs (option); electric capacitor 7
connected to the layer 2, the edge needle 6 and source of energy.

The cartridge has three versions:

1) The Version 1 contains the layerd &nd vacuum 5.
2) The Version 2 natontains the layers-8 (or has only 3), but contains the gas thermonuclear fuel
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in volume 5 (in room temperature)j @&dge of a conductive needle connected with charged
condenser 7.

3) Version 3s version 1 2, but onehas theadditionalvery small pelletn center of cartridge. Pellet
has ahin conductive layer over thin cover and compressed fuel into pellet locateskdizedge

(Fig.1).

1

Fig.1. Cartridge (special fuel ampule, pellef)the thermonuclear fuel, sphere of diameter 1+ 2Notations:1
I spherical shell of fuedartridge; 2 conductive layer connected to condenser-/a$er of heavy material
(molarmass about 200), (option)iidayer contains ththermonucleafuel in a solidcompoundoption);
Cartridge has threeersiors:
1) TheVersionl contains the layers8and vacuum 5.
2) TheVersion2 not contains the layeBs4, butcontains the gathermonucleafuel in volume 5 (in room
temperature); 6 edgeof a conductive needle coectedwith charged condenser 7.
3) The versior8 hasvery small compressed fuel pellet having the thin conductive layer and thin cover (option).

Body of nuclear reactor is shown in Figh.2 One containsstrong spheril body(shell) of reactor
1 (diameter about 0.83 m); the fuel cartridge 2 (It is described in Fig.igjder (electric conductor)

3 of fuel cartridge 47 enter of compressed air (gagkit of a hot compressed air (gas) after
thermonuclear heating electric voltagdrom condenser 6.
The offered thermonucleagactor work the next wayFigs. 1land 2i 3,Ch.2:

1) Cartridge Version Xor an electric or mechanic energy.

The internal volume of reactor body is filled the atmospheric or compregsi@@anter 4 of Fig.2
Ch.2.

The fuel cartridge (Fig.1) lifts by holder 3 (Fig2h.2 into reactor bog Turn on the charged (up 20
-100 kV) electric condenser 7 (Fig 2). The electrons from the needle edge 6 (Fig.1) are accelerated to
the conductivedyer 2 (fig.1). They positive ionize and dissociate the fuel molecules (for example, D
and T are contained into matter of laye4 @n cartridge Version 1) or into volume 5 (in cartridge
Version 2)). The positive ionized nucleus of the thermonuclea(liaging small mass) are quick
accelerated up very high temperature (ufp 59 keV) and collide at the needle edge. The heavy and
slow molecules from cartridge layer 3 (figrésearch the region at the needle edge latecamgress
the thermonuclear fl@nd increase the fusigreaction)time of the fuel nucleus at the needle edge. In
results (as show computation) the foatleus mergeand produce a thermonuclear reaction. The
thermonuclear reaction (explosive) heats the air into reactor body. Feasitg the efficiency, work
mass, decreasing explosiemperatur@and protection from neutrons, the liquid 7 (for example, water,
fig. 3, Ch.2 may be injected into reactor.
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2) In cartridge Version 3, the needle edge contains the very small pedeirg the thin conductive
layer, thin cover and compressed fuel. The higgrgy outer fuel flow additional compress the pellet 6,
penetrate through the pellet cover and heat the internal part of fuel.

After thermonuclear explosion the hot gas flow iot the magnettydrodynamic generator
(MHG) 10 and produces electric energy or runs to the gas, steam turbine and prausesul work
(Fig. 3a Ch.2. Or the hot compressed gas runs to rocket nozzle and produces the rocket trust (fig. 3b
Ch.2.

The main difference the offeraaectricreactor fromthe cumulative reactors (versions 2, 2) 4] is
type of explosive for getting the temperature, pressure and cumulative effect in fuel-Zrafithor
used the chemical explosive. The offered reagsas the strong electric field for acceleration, getting
high temperature and cumulative effect. The electric method leagsatbically unlimited cheap
power. In [2, 4 the explosive is located into main spleati body 1 (fig.1) (or gun in [ In
[4] version 1 (fig.2, [4]) the explosive 3 is small and located in the special fuel cartridge (fig.2, [4]). In
current version no special compression explosive. The pressure and high temperature of the fuel a
reached the high voltagecondenserit easerand it is more comfortable in using.

The version 3 of current cartridge the fuel pullet is filling by the compressed gas fuel (up 100
atmosphere or more) and version3 not has the explosive for an additional compressing of fuel. The
fuel is compresse by cumulative fuel flow (in Version 1 by additional flow of heavy elements),
heating only by strong electric charge of a condenser. The computation shows that is possible. |
version 3, we can use the conventional pellet with frozen fuel.

AB Reactors e cooled using weknown methods between explosives or by an injection of water
into sphere (fig. 3aCh.2.

Detail Estimation of Electric Cumulative reactors for transportation engine

1. Estimation of nuclear energy (power).Let us make more detail estimation the Electric
Cumulativereactors for enginef transport vehicle having the fuel pellet 0.1 ¢y = 107 kg) with
fuel D+T and D+D.

Estimation of energy the D+T fuel for the coefficient efficiedcsy0.5 is;
The couple nucleT+D produces nuclear enerfy = 17.6 MeV.
NumberNo f f u el nucl ei 8s i s:

M 7 .
Nzt = 10 - =240Q0°
mm_ 2.5Q0.67Q0 :

p
Herep is averageelative mass of D+Tin, is mass of proton, kg.
The nuclear energy of 0.1 mg D+T fuelin 1 Hz is

E =05E,eN?=0507.6A0 A.6Q0"°24Q0°®.5=169AQ0¢ ° 17MJ/Hz

Here e= 1.610"° C is charge of electron, C.

Thatis power energy of the 2 + 5 power aviation tudmgines. If one cycle in second (1Hz) is
not enough, we can decrease the frequency. The piston engine hagupeb0lution per second,
the high speed aviation gwp30shots in second.

If we use the D+D fuehaving single energy¥; = 3.65 MeV ,u = 2, thenucler energy is
aproximetelyin 5 times less becaugg is less.

2. Size ofcartridge and pellet. Let us estimate the size of the electric cumulative cgerithving
an internal diameted = 10 mm. The thickness/ of wall is 0.5 mm. Outer diameter of cartridge
for safety tensile stress 100 kg/mimD& 11 mm.

Let us estimate the compresseellet having gas masM = 0.510" kg (Version3, the other

accelerated fuel is located in cartridge), prespure300 atm =310’ N/m? andT = 300 K. Specific
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density the gas D+D, D+T in compressjpr latm is} o= 0.1kg/m?®,atm. The internal radius of gas
pellet is:
o /3

_43M g7 _& 305007 g
Fippr,0 2231430018

The reldive outer diameter of pellet for pressyre 3 kg/mnf and the safety tensile stress of the
pellet coverli = 50 kg/mni is

©0.74Q03m° 0.74mm.

° 05 o /2
D_aP,18 =23+18 =102
d ¢s = ¢50 =+

3.Nuclear processes in to pellefter eIlectriccumuIative expdsive into cartridge themassof 107
kg fuel D+T into pellethaving diameted = 1 mm(v& @0°&n?) after electric cumulative
compressing is
O L 107
mmyv 250.67Q00°(0.8Q0°)
Wherep is pressure after cumulative compressing, fWris a pelletvolume cnt;m, is mass of

proton, kg. Density of D+D fuel is = 3.7510%° cm’™.
Time of fuel combustion fof = 15 keV is

=3G.0%cm ®

1

ForD+T t=—— 0'2'7'51 = Q.'SGP'SQEZQO.. —==15800"s,
56A0"n<sv> 5600"3A0°2.6500
s

ForD+D t= 0.51E, 0.5M.5M.58Q0 _3730°s

33A0%n<sv> 560A023.75007°3.2¢000™

Where dis coefficient efficiencyE; is energy couple nucleis (for D+E; = 17.6MeV1.610°=
2.8210%2J; for D+D E;=3.65MeV= 0.580"%J). Here we usetheTable 5.
4. Estimation of electric condenser For heating of fuel we use the short strong electric impulse.
For impulse the electric condenser may be used. Let us to estimate the condenser parameters for
getting the fuel temperatuile= 15 keV.
If fuel mass isM = 0.1 mg = 10kg, the number ofurcleus for D+T is

7
Moo 10 o400
mm_ 250.67Q0 :

p

For D+D theN = 310",

The energy W is needed for heating the fuel D+T up temperatarkb keVis
W =NT @=2400°A500'Q.6Q0" ° 60kJ _

For heating D+D fuel is W = 72 kJ.

The mini mal specific weight of conventional
Consequently, the requested mass of condenser is abo63ky. But if we can use the advanced
supercapacitoro(= 10 kJ/kg) or ultrecapacitor § = 20 kJ/kg) orcapacitor EEStor, having claimed
capacityo = 1000 kJ/kg, we can decreased the capacitor mass. In any case, the capacitor mass is
small part of thermonuclear engine.

5. Estimation of capacitor discharge
Electricresistance of a copper wires conneaeddenser to cartidgeis
| . 4 .
R= r—°:1.75006%):7004° 10°W
S .
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Wherelo= 400 cm is length of wire, crs= 1 cnfis crosssection area of wire, Sm
The plasma resistance into cartridge we can neglect.
Time of the condenser discharge for initial voltage 30 kV
_RW _10%0Q0’
U? (30Q0)°
The time of discharge must be more than time of the full thermonuclear reacttts) (10
The average electric currency in cartridge

W 6Q0

=6.75Q0° s

|l =—=— ——=0300C A
Ut 300%6.75Q00
Capacity of condenser
. g

= L = —6'75%0 =6.75Q0° F

R 10 :
The specific energy weighgt[J/kg] of the condenser may be estimated by formulas
_&eE

9

Where(}= 8.8510" F/m is electric constantid 3 dielectric constanE,& 160 & 640 MV/ n
safety electric stress of isolatord 1 00 0 & °i8 dpexific weight ofrisolator. Tr®& 3
kJ/kg.
6. Magnetic pressurefrom electric currency.
a) Pellet having electric cumulative compressing has initial currerc@10’ A, radius of pellet
(edge of needlehefore compressing= 0.510° m has magnetic intensity and magnetic pressure

p:

| 340 0 1G9 A

2or  203.140540° m’
_mH? _4pQ07(10°%?

=6.28Q0° ﬁz =6.28A0F atm
2 m

That is closedo electric cumulative pressure for diameter capsule (center are@)5 mm p =
610% atm.).
The electric intensit¥ and electric pressure near cemter0.5 mm is

m 2 > 2
E:!:w:GO !’ p:eo%:8_85d012@:1.6d04 ﬁ2:016 atm
m m

As you sedhe electrostatic pressure we can neglect.
7. The heating problem of a needledge
Let us estimate the cooling of needle edgesume the needle edge is made frawpper { =
1.7510° Ohmem) andhas the length = 0.5 cm and crossection ares= 0.04 cm. The electric
resistance of edge is
R=r1=17500°2> =2240°0hm.
S 04
Let us take the average condenser dischimrget = 6,7510%s and electric currency= 310" A
(see early estimation).

The energy loss in needle is
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E =1°Rt=(3000)?2.2A0°%.7500° =1.33kJ.
The water requests 2269 kJ/kg for evaporatibonsequentlywe need 0.6 gram/Hz of water for
cooling of a needle edge in every cartridge.

8. Cost of thethermonuclear fuel.

Deuterium The sea water contains deuterium about-106%%. The World produces about tens
thousand tons in year. Cost 1 $/g.

Tritium. The special nuclear reactors can produced it. Now the cost is 30,000 $/g. In future an
expectedcostwill be from 100K+200K $/g.

Helium3. Very rare isotope. The Heliuh contains 1.30%1 of the Helium3. Cost is 30K $/g.
Oneproject offers to extract it on Moon and delivery to Earth.

Lithium 6-7. Nature mixture cost 150 $/kg.

Uranium-238contairs 0.7% of Uraniur235. It cost 90+250 $/kg.

Plutonium-239. Cost 5600 $/g.

As you see the thermonuclear fuel D+D is the cheapest, but D+T has the lowest temperature for
thermonuclear reaction. All the current experimental thermonuclear installations are using the D+T.
Look your attention, the offered method allow to get veghtihermonuclear temperature. We take
U = 15 kV, but no limit takéJ = 50,100, 200 kV. The 200 kV produce the temperafure
20010*1.1810" = 2.3610° K (two billions!). As you see in fig. 4 and estimations over, that
significantly increase the probaibji of thermonuclear reaction and produce a fuel for the other
reactorWe canusethe cheap fuel produced small neutrons, large protons, expensive elements,
which can be a fuel for thermonuclear reactors.

Below in Table 7 thepperties of some maial suitable for the offer instiation.

Table 7. Properties of some material suitabletfug offer instdation.

Material Tensile Density Fibers Tensile Density
strength glent strength  gl/en?
kg/mnt kg/mn?

Steel A514 76 7.8 S-Glass 471 2.48

Aluminum alloy  45.5 2.7 Basalt fiber 484 2.7

Titanium alloy 90 451 Carbon fiber 565 1,75

Steel Piano wire 220-248 7.8 Carbon nanotubes 6200 1.34

Issue: [T p.370
Condusion

The author offers a new small chedpctriccumulativeand impulsenertial thermonuclear reactsr
which increases the pressure and temperature of a nuclear famlisantls times, reaches thgnition
and full hermonuclear reactiofElectric Cumulaive and Impulse ABReactor herein offered by its
originator,contains several innovatioasd inventions

Main of them is using a electrexplosive, which allows to accelerate thermonuclear fudb
very high speedufp andmorethan 10@ km/s) which (a#t is shown by computationscompresses
the fuel in million times and heating up theundredsnillion degrees of temperaturéhe second
main innovation is the additional heating the fuel by electric impulse to up temperature in 15keV
andmore (hundreds millions of degrees). Important innovation is compressed gas fuel at room
temperature, instellation for electric and mechanical energy and thermonuclear rocket.

The offered reactor is small, cheap, may be @gedheap electricityasengine for Earth
transportation (train, truclseagoing shipsaircraft), for space apparatus andgooducing small
and cheand powerfulwveapors. Closed ideas are in [{10].
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Chapter 4

Cumulative-Rocket Reactor with additional Electric Heating
(Version 1)

Abstract

The author offerstwo types Chemical Explosive Pressing Cumulative Reactor \autlitional
Electric Heating. Reactors increatbe pressure and temperatureitsfnuclear fuelby chemical
explosive and electric charge. Offemes@dctos containseveral innovationt achieve itgroduct.

Chief among them iran chemicalcumulative reactor is using movirexplosives (by rocket
thrust) and an electridischargewhich alows to accelerate the explositeevery high speed (more
20 km/s) which (as shawby integralcomputations) ampresgsthe fuel capsule million times
andadditional heating fuel by electric impulse up hundreds millions degfé¢emperature.

In impulseversionof AB thermonucleareactor the gas fugbrimaryhigh compressed into a
pelletby a chemical expkive. Than the fuel pellet leeatingby an electric impulse ufhe needed
temperature in hundred ofillions degreesproduces théhermonucleareaction. Author gives
theory and estimations of the suggested reactors.

Description and Innovations of Cumuhtive and Impulse AB reactors
Description.

Cumulative methadAuthor offered three the new methodd [3], which is cheaper by thousands of
times, more efficiency and does not have many disadvantages of the laser and magnetic methods. In
given article the author offers two (cumulative and impulsg@yovedreactos. Detailed consideration
of advantages the new methods and computation proofs are in next paragraph.

Description of neveumulativr reactor ananethod.

Theimprovedversion 1 of the Cumulative AB thermonuclear reactor is presented in figurés 1
The new thermonuclear reactor contains (Figsting spherical body of reactor 1; cartridge (holder) of
fuel pellet (or pellet inVersion 2) 2; holdex(electric conductor) of fuel cartridge (pellet) 3; enter of compressed
air (gas) 4; exit of a hot compm®ed air after thermonuclear heating, 5; contacts of voltage 6 for electric
condenser.

Fig. 1. AB thermonuclear cumulative reactor (VersionNgtations 1- strong spherical body of reactor,
diameter abut 0.51 5 m; 2i cartridge(holder) of fuel pelletdiameter 1+ 2 crfor pellet inVersion 2
diameter 2 + 3 min 371 holder (electric conductor) of fuel pelletj £nter of compressed air (gas); Bxit of a
hot compressed afgas)after thermonucker heating; 6 electric voltage.
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The fuelcartridge6 has diameter about I®0 mm and the next design (fig.2): strong sphere 1; net
fuse (electric net 2 for ignition of explosive 3, fig 2), explosive 3, film (piston) of heavy material 4,
ampoule of nuclear fuel (pellet) 5, electric conductors 6.

Fig.2. Cartridgeof Cumulative ABthermonuclear Reactor (Version Notations 17 strong sphere, 2 net fuse
(electric net), 3 explosive, 4 layer (piston) of heavy material,isnuclear fuel (pllet), 6- electric conductor.

In shortly the reactor works the following way: The lasting sphere 1of reactor (fig.1) idlided
compressed gas (for example, air). Electric signs¢mnglingacross the electric conductor 3 (fig.1) and
blow up the eplosive 3 (fig.2) into fuel cartridge (fig.3a). The cumulative explosive works as rocket
engine (fig.3b) and presses the layer (piston) of heavy material 4 around the fuel pullet 5 (fig.3) and
high presses (and heating) the fuel pulléftie strong eledit impulse from condenser, sending across
the insulated conductors 3 (fig.1) and 6 (fig.2) into pellet, additional heatsittesarfuel up the need
thermonucleatemperature. Theuclearfuel explodes

Note:lt is very important tsimultaneouslyignite theall outer surface of explosive 3 (fig.2). In only
this case the explosive begin to move towards mass center and works as rocket engine, accelerate an
compress the explosive and layer 4 (having small mass) for high speeds in tens times more that in
conventional explosive. That is main innovation in offered method.

We can reach the simultaneously ignition all outer surface of explosi@edigctric net having a
small cells of net. The electric impulse will ignite the entire outer surface tisaxg.
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a b

Fig. 3. Cumulative cartridgef thermonuclear fuelWWork of Cumulative thermonucleaartridge(Version J.
Notations ai initial layer explosivebi rocket part of explosivel - 5 are same with Fig.& is pressure of
initial layer of expl@ion, 7 is moving of explosive (force fromfetl gagocket thrust) , 8 is flow of reactive
explosive gas.

Simultaneouslyor early) into the big sphere of reactor body may be injdbtiedvater 7 (fig.4a)
(optional).

The compressed air (or injected water) is heating by the thermonuclear explosive 8 (fig.4a) and go oL
across a hole 9 (fig.4a) into MHG (or gasteam turbine) anproduceghe electric or mechanical
energy.

In rocke engine the gas flow out across the nozzle and creates the rocket trust (fig.4b).

IR-F15b

WA

b

Fig. 4. Final (industral) work of Cumulative and ImpulsAB thermonuclear reactara) Hot cmmpressed gas
from sphere runs to the magndtgdrodynamiaenerato(MHG) 10 and produaes electric energy or runs to gas
turbine and prodees an useful work (Figa b) Hot compressed gasnsto rocket nozzle and produces the
rocket trustNotation 17 6 are same Fig.1;17injection the cooling liquid (foexample, water)(option); B
thermonucleaexplosive of fuel pellet; exit of hot gas; LIMHG or gas (steam) turbine.

The main difference the offered reactor from cumulative reactors (versions 1, 2) [1] is location of
compresseéxplosive In [1] theexplosive is located into main spherical body 1 (fig.1)(or gun in [2]).

In currentversion 1 (fig.2) the explosive 3 is small and locateithéspecial fuel cartridgéig.2). It
easer and it is momfortablein using.

The versions 1, 2 of current reactors the fuel pullet is filling by the compressed gas fuel (up 1000
atmosphere or more) and version 2 not has the explosive &mfditionalcompressing of fuel. The fuel
pellet is heating only by strong electric chargee pullet has aadditionalfeatureqfig.5). The
computation shows that is pdsg. This method needs in addital research. In cumulative version 1
we can use theonventionapellet with frozen fuel.

AB Reactors are cooled wdlhownmethod betwen explosivesr by an injecton of water into
sphere (fig. 4p

In more details the Cumulative AB Reactor works the following ffigg. 37 5):

The net fus@ (Fig.3a) simultaneously blows an outer layer of the explosive 3 and an explosive gas 6
is pushing the explosive 3 to center of sphere fuel cartridge. The outer surface of explosive 3 is burning
8 (fig.3b) and create jet rocket thrust 7 which is moving, accelerating, compressing the explosive and
thin layer 4 in direction to center 5 of sphemnelfpellet.

As the result the layer 4 (piston) made from heavy material bumps with high speed (about 20 km/s)
and produced a high pressure (millions atmospheres). This pressure is acting more time than laser
pressure and reaches to center of fuel cafgbige3a). The strong electric impulse increases the fuel
temperature up nee@lue. Thehermonuclear fuel capsule explodes (Fig.3b). The heavy material of
layerbreaksthenuclear explosion, increases the conformation time and efficiency of the theteanuc
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reaction. If installation is used as reactor for MHG or turbine, the cooling liquid (for example, water) is
injected into strong sphere. One is converted to hot gas (steam) and rotates the turbine blades (Fig.4a

Note:It is very important tsimutaneouslyignite theall outer surface of explosive 3 (fig.2). In only
this case the explosive mass begin to move towards to center and works as rocket engine, accelerate
and compress the explosive and layer 4 (having small mass) for high speedsimegmsdre that in
conventional explosive. That is main innovation in offered method.

Compressed gas pellet for Cumulative and Impulse thermonuclear reactors is shown in fig.5. One ha
a compressed up 3001000 atm thermonuclear gas fuel 5, itgulatorspherical cover 2, the contacts
connect the inside and outside electric conta@sdhd thinnternalelectric conductor 4 (only for
Impulse reactor) which produces the initial ion canal for an electric currency.

Fig.5. Compressed gas pellet for Cumulative and Impulse Thermonuclear rebictatsons 1- isolator cover;
2, 31 internalandexternalelectriccontacts; 4 initial hotionizer, 57 compressed gakermonucleafuel.

Cumulative-Rocket Reactor (Version 2)
Description and Innovations of CumulativeRocketreactors

Description.

CumulativeRocketmethod Author offers the new method, which is cheaper more efficiency and does
not have many disadvantages of the laser and magnetic metleaitedconsideration of advantages
the new method and computation proofs will be in below paragraph.

Description of Cumulativ&®ocketreactor andmethod.
The most comfortable version 1 of the Cumulative AB thermonuclear reactor is presented iréfigures
8.
The new thermonuclear reactor contains (Fig.6): strong sphere 1, fuse 2, six (or more) explosive
injectors 3, piston 4 from heavy appropriate material, fuel pellet 5 and tube 6 for loading and primary
acceleration.




a7

Fig.6. Impulse CumulativdRocket Thermonuclear Reactor (Versiontations:11 strong sphere of
reactor body, 2 fuse, 3 explosive, 4 piston from heavy material,i5capsule (pellet) of nuclear fuel;
61 tube for loading and additional initial acceléoat

The Cumulative AB reactor works in the following way (figs. 7):

The net fuses 2 (six or more) (Fig.6) simultaneously blows an nearest layer of the ex(dbsnt
fire off) and an explosive gas is pushing the explosive 3 to center of spler@)FThe explosive 3 is
burning, produces gas jet 8 (fig.7a) and create jet rocket thrust 7 which is moving, accelerating, piston:
4 in direction to center of sphere 1.

[« 220

a b
Fig. 7. Work of cumulativerocketthermonuclear reactor @rsion 3. Notations ai rocket acceleration of
pistonsbi nuclear explosion? is masing of explosive and pistor{force from rocket thrust), 8 is flow of
rocket explosive gad.31 Thermonuclear explosion

Note:It is very important tsimultaneouslyignite all fuses 2 of explosive 3. In only this case, the
explosive begin to move at the same time into target mass and reach simultaneously its center. They
work like rocket engine, accelerate the pistons 4 (having small mass from heavy nfatenigh
speeds in tens times more that in conventional cumulative explosive. That is main innovation in offerec
method, version 2.

Estimation of Chemical Cumulative-Rocket AB thermonuclear reactor.

The propose€hemicalCumulative AB Reactois an internal rocket engine, whi@ccelerates the
small layerfrom heavy material by cumulativdemicalexplosion (Figs. 43). This piston bumps into
pellet of contained nuclear fuel, compresses and heats the pellet up to very high values, producing a
nuclear reaction. Most important innovation is in design, the cumulative explosion which works as
rocket engine and produces a final speed of the small piston in 10 (and more, from 2 km/s to 20 km/s)
times and piston energy in (£8) 100 times more thana@nvention explosion. The second important
innovation is the additional heating the fuel by the strong electric impulse. Below is not project, below
is the estimations of the typical parameters of AB reactors.

1. Final speed of the piton (heavy layer) Let us to estimate the offered design. It is well known the
final speedV of rocket is
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V= —WeInM— =-W,Inm
M 1)
whereW is speed exhaust gas of rocket, nMgjs final mass of rocket, kd¥! is initial mass of rocket,
kg; Uk = Mi/M is ratio thefinal and initial mass of rocket.
The distancé. (acceleration path) of rocket is

L=gyW2V,[1- m@- Inm)] if m<0.05 then L° g; Wy, )

In (2) it is usedhe notations:g, = 9.81 m/8& 1 0%is Edrtls acceleration, = Mgy/Psis an initial
weightto-thrust, N/N.

The rocket engine has the solid fifé)= 2400 + 2800 m/s, liquid fuél, = 3000 + 3400 m/s,
hydrogen oxygen upW, = 4000 m/s.

The explosive matters have:
TNT specificenergff= 4. 184 MJ/ kg & 34.1,850 Ky shepd of detenaton 9GO
m/s;
Dynamite specific energy ufs= 7 MJ/kg, standastE 5.3 MJ/kg, densityr 1,400 kg/mi, speed of
detonation 6000 m/s.

FromE = m\#/2 we get the average speeceghausgas for TNT:

W, =(2E.)"? =(2@.184Q0C)"* =2893n/s

Maximum pressure of explosive is
p=E=EM_E, -418440 A650=69AF N =690 atm . @
\% myv m

wherev is volume of explosive, fnEs= E/mis specific energy of explosion, J/kg.

Density of particlesind temperature of TNT explosion initial moment of exploseh@useas has
averagal = 20, TNT reaction) is:

®)

n=—' =100 __ 548000 m?
mm,  200.67A0
=P ___ 6940 =1014¢ K, ©)

T nk  49440%1.380.0%
Let usestimatethe final speed of the layésr data: mass of explosiveli$ = 10° kg, mass ofayer My
=1 mg = 1¢F kg, W, = 2650 m/s.
10°
10°
Let us to find the mmimal acceleration distandeof layer(minimal distance from lower part of
explosive to center of sphere cartridge). For Version 1 we receive:
From L =g,"W?v, ,v, =Mg,/F, m =rV,S,
F=ma=mW, =rV,SW,v, =Mg,/rV,SW,V, =W, - ©
M 10°

weget L=—= ——————=0140°’m=1mm
rS 1.65Q0 ®QA0

whereg,= 9.81 m/$is gravitation:\.is speed of rocket exhaust gas, m/is rocket fuel density,
kg/m®;Vyis rate (speed) of combustion of rocket fuel, rifs; initial area of the combustion created
rocket thrust, M F is initial rocket thrust, N/ff) M is mass of rocket fuel, kg. We can change spé&ed
to add special additives.

2. TemperatureT and pressurep in pellet after compressing by piston is (for piston sp¥etd
1.810" m/s and density of pistgn= 210" kg/m®, g = 200):
_r(v)? _240(20.840)?

2 2

V = —Weln% =-2650n =26503Q.3° 18300m/s° 18km/s. (6)

0 - 1.36010° n':' - 1.3600° atm. 6)
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We take here layapeed ¥ because we have tvapposed laye.
Temperature
mmV? 3T

2 2
The mixture D+T hag = 2.5 , piston abouyt = 200 (for example: tugsten has} = 19.3410° kg/m?®,
1 =184; uran238 hag = 19.110° kg/m®, u = 238 ; lead hag = 11.3510° kg/m® , p = 207).
The temperature of mixture D+T is:
mm,V* _254.67407 (1.8A0)

man2

From E= we have T=———. )
3k

For fuel D+T T-=

=34540°K © 3.14eV,

3k 30.3800% (10)
V2 I Pr 27 Pr 2 .
For layer T=——"—= 20006790 (1'§Q04) =261AC°K =22%V,
3k 3Q.38Q0

Themass of the layas in 5 + 20 times morthen mass of fuel and the tdyas direct contact to fuel.
That means the fuel will has temperature about 3 millions degree. That is less the ne&@ kalue
but in thousands of time more than in a laser method. In offered method we have also very more
pressure that in laser methddhe highpressure significantly decreases the need temperature because
one decreases the need distance between nuclear particles.

3. Estimation the Criterion of ignition the Cumulative-Rocket AB Reactor.

The process of compression converted the gigjidd fuel into gas. In according Chthe initial
pressure this gas is= 26.5 atmThe final pressure is abopt= 1.4410° atm. The rate of fuel
compression is

_p _144G0

P, 265

(compare this reached value with maxi mum 3 =
compression many times more than laser methojog.
That means the | iner 5 82 tmeldss. If aapslle hasanitidl diamd&evi | |

= 0.1 cm (fuel mass = 20°kg, } o = 0.2 g/cni), one ha®k = 0.05/82 = 6.1.0* cm. The offered
Cumulative AB thermonuclear reactor produdéect compression almost a thousands times greater
than the usual shock wave laser compression machines at the center of a fuel pullet. The density of th:
fuel will bej =03 = 0.25.4310°= 1.110° g/cnt.
The criterion of the inertial ignition is
rR=1100 &.140%=67>1 (12)

One is in 67 times MORE than needed (67 > 1> 0.Z8at means we can usetiead of very
expensive tritium the deuterium which is the thousands times cheaper. The corresponding reactions at
D + “Ae (¥5MeV)+n(14.1MeV);
D + D YT (1.01MeV) + p (3.02MeV) 50 %
D + Pe(0f82MeV) + n (2.45MeV) 50%
The deuterium cannot be used in the laser reactor because one requests in 100 times more ignition
criterion therD + T. But, as you see in (12)ne nay be usd in AB reactor (Fig.5, Ch)lwith an
additional heating by electric charge.
The>He is received in deuterium reaction may be used in next reactions:
D+°He “Me (3.6MeV)+p (14.7MeV);
*He +°H e “Me +2p (12.9MeV).
They produce only higenergyprotons which can be directly converted in electric energy. Last
reactions do not produce radio isotopic matters (no neutrons).
Reaction D + D has the other distinct advantages:
1. One produces the protons which energy can be converted directly tiz eleetgy.

° 54340 (11
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2. One produces the tritium which is expensive and may be used for thermonuclear reaction.
3. One produces less and low energy neutrons which create radioactive matters.

Theother important advantage is using the pellets with compressidoajaket us take a micro
balloon (pellet) having fuel gas wifia= 100 atm., radius 0.1 cm., temperature 300K. The mass fuel
will be 4.19 mg.

The compression rateds = , 31.441G/100 = 1.441C°. Liner size decreases 3)(® = 113 times.
The radius of compressed fuel pellet willRe 0.1/113 = 0.880° cm. The initial density is
_mmp, 2506700710

KT, 1.38A.0 2300

_1nKg _ g
"o =105 =10° o (13)
and inertial criterion is

r R=r,Rx*?=10°0.1{1.4440F)*"°* =127>1. (14)

Criterion is good focompressefuel D+T, but it is small for fuel D+D. For fuel D+D we must
decrease pressure in pellet up 400+1000 atm or increase diameter (and power) our installation or use
the additional heating of fuel by strong electric impulse.

Compressed micrballoon (pellet) is more comfortable for working because it is unnecessary to store
the fuel at lower temperature.

Estimation of other parameters theCumulative-Rocket AB Reactor.

1. Thermonucleaenergy One mg (16 kg) of thermonuclear fuel D+T has energy:
Number of nucleus:
6
n= Mo 10 - =24040°
mm,  25Q.6740 15
Onepair of nuclear D+T produces energy= 17.6 MeV. Then; nuclear particles contain the energy

E=05n,E =0524Q0°1764¢ =21140°eV=21140"1600°=33840 3 1o

If coefficient efficiency of the Cumulative AB Reactords 0.3, one mg of fuel produces the energy
100 millions joules. If we make one explosion per sec, installation has the power of 100 million watts.
The part of this energy will be produced inside fuel mizapsule fuel pellet (3.5 MeV frofire, E =
6.7210'J ) the most of energy (14.1 MeV from neutonsl be produced into the big containment
sphere.

Conventional coefficient of nuclear reactor efficiency is about 0.3+ 0.5, the steam (gas) turbine is
about 0.9.

2. Energy is delivered by piston to fueelpsuleis E = m\?/2. Form =5 mg, piston speed = 210"

m/s final piston energy i& = 210° J. That is less then typical energy 20 + 50 kJ delivered by laser
installation. But laser energy is spent in vaporizing the cover of the fuel pellet and only small part as
shock wave reaches the center of fuel pellet mass. In Cumulative AB Reactstpallgmergy passes
directly into the target fuel pellet. The piston energy is easy to increase up 20 kJ by increasing the
layerpiston(see Ch.5)nass and piston speed (also by using more explosive)ayépiston mass
hinders the fuel micrtralloon anl increases the nuclear reaction time in many times.

Part of this energy will be used for ionization of the fuel. One mg of fuel, for its ionization, reGuests
=m'13.6 eV =522 J, compression of solid fuel ad®et624 J, compression of gas fuel frprs 100
atmE =105 J. That is a part of the derived piston energy.

3. Reaction of explosiVENT is 2GHsN30=3N,+5H,0+7CO+7C.
4. Estimation of pressure and temperature after nuclear explosion

Let us to find the pressure and temperature after therchesr explosive the one mg fuel D+T.
Number of nuclear particles in sphere 1im
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M 10° .. 1
= = > i 2.4Q0° —
mm,  250.67Q0 m
17)
Full thermonuclear energy
E,=0.5nE =05Q4Q0%76QA0 =211A0°eV=3.38QA0 J (18)
Numberof air particles with air density= 1.225 kg/min pressure = 1 atm is
M 1.225 " 1
= =————=2600° — 19
°"mm,  280.67A07 ? )
If coefficient efficiency of thermonuclear reactiordis 0.3 in volume 1 rh
p="En = 0333800 _ 450 147 ﬁz =1000atm (20)
A\ m

Total pressuré nuclear explosive together with@micalexplosive- is p & 1000 atm.
Temperaturef gas mixture of explosive plus nuclear fuel is

B p B 10° B 3y

T (n,+n)k (26040°+2400°)A.38G0% 27900 K (21)

If we increase the initial pressure into reactor body up 100 atm, that the temperature desreases to
2790K. The same temperature is in a combustion chamber of conventional engine of the internal
combustion.

We can use the conventional cooling system.

The same method may be used for estimation of injection water into instellation body or any garbige
material in a space ship (or asteroid).

5. Thickness of sphere covétssume the spherical cover is made from conventional steel having
safetytensile stressl = 50 kg/mni= 51® N/m”.  The full tensile force i§ =~ #p=3.140.510° =
0.78510° N. Requested area of steefis= F / =10.78510%/510% =0.157 . The thickness of sphere
wallisti 7 2% 0.157/23.140.5 = 0.05 m. Mass of sphereNisa 2 8 = 78004.5360.05 = 1769
kg. HereSsis average surface of sphere.

If we use the more strong material for sphere wall, for example: 1um iron whisker having safety
tensile
stressGd 400 *k4d® M/m?>, we decrease t h&timespWeeanaléosnakma s s
the sphere wall from composite materials (example: an artificial fiber carbon or glass having safety
stresid& 100 6 4abddensityd/=AB00 + 2700 kg/fi).

6. Cooling the sphereybwater.If explosions are very frequent, we then can decrease the wall or/and
gas temperature by injection of the chilled or rek@mperature water. The water also protects our
installation from highkenergy neutrons in other words, it behaves as a shgehdaterials.

Let us estimate the amount of water which decreases the temperature and pressure of gas (at most
steam HO) into sphere for magnitudes acceptable for current steam turbire®dFC = 672 K. The
critical point of water (triple point) i = 273C, p = 22 MPa.

Heating 1 kg water from 2C to 100C requests enerdy = Cpp T= 4.1980 = 333 kJ, evaporation
r = 2260 kJ, heating of steam up 400 E = CyopT= 1.05300 = 315 kJ. Total amount of water heat
energy ik, = 333 + 2260 + 315 = 2908 kJ/kg. Total mass of water for nuclear effictendyequals
My = E/E,, = 3.410%/2.910° = 117 kg. Fod = 0.3M,, = 35 kg. The 2 3 cm of water thickness
protects the instellation fron high energy of neutrons produced byore&tT.

Unfortunately, the injection of water before decompressing strongly decreases the efficiency of
installation.

7. Run protons and heavy nuclear particlésee p. 27).
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7a Converting the nuclear energy @B reactorsto electric, mechanical energy or a rockietust.

The best means for converting a Cumulative AB Reactor nuclear energy is magneto hydrodynamic
electric generator (MHEyenerator) which converts with high efficiency the high temperature and high
pressue plasma directly in electric energy. Together with capacitors one can produces continuous
electric currency. Impulse work of reactor allows to cool the reactor by injection the cooler (or
conventional cooling) and protect the Cumulative AB Reactor iasitatl from very high temperature.

The second way for converting an Cumulative AB Reactor nuclear energy is conventional heat
exchanger and gas turbine. As cooler may be use#ltiige i melted mix of fluoride salts of lithium
and beryllium.

The thirdway is injection of water inside sphere and steam turbine as description over.

8. Using theCumulative B reactor as an impulse space rocket engine.
There are good prospects (possibility) to use the suggested Cumulative AB Reactor as an impulse
rocke engine.

If plasma will flow from sphere to space the average spawEdet is
mV2 82E3”° _42409° . o m
weget V=%—0 =& =400 —

9 0 “&FHg38 S - (22

From E= 3

¢cm=+ ¢ -

HereE is nuclear energy in one impulstéone mg nuclear fuel, dnis the mass injected to outer
space (fuel catridge together with conventional explosive), kg.

Received speed = 400 km/s is in many times more than a curexttausthemical speed 3 km/s. If
of space apparatus has mass= 1 tonn the ship speed chasgnV, = (m/my) V1 =2 m/s in one
impulse. If we spend 10 kg of fuel cartriges, the apparatus get speed 10 km/s.

More importantly, the next possibility is of the rocket powered by the Cumulative AB Reactor. Any
matter
from any planets, asteroids, spdmdy may be used as fuel used for increasing the derivation of
impulses. For example, assume the captured solid object moving through spaceis composed of some
water, and we filled rocket tanks using that mined planet, comet or asteroid water. F@)rar{@5
Law of equal impulse we have from every impulse

V, =(2Em)"*/m, =(240 A6"*/10° =566 m/s 23
HereV; is add speedy mass jet kgim = 16 kg of water; mis mass of space apparatus.

9. Estimation of the neutron penetration
| =1/ns,

(24)
Wherel is path of penetration, cmiis density of material, 1/ctn G **enf i@ cross section of the
nuclear. For sted¢l= 12 cm, for compressed air up 10thahel = 410 cm.

10. Requested thickness of the spherical skell
05

2:%9+18 (25)
cS =

WhereD is outer diameter of spherical shelis inner diameter of spherical shellis pressure, atm;
{is safety tensail stress kg/énExemple, ifp = 10kg/mnf, 8 = 250t kgt mbn/ d & 1.

Detail Estimation of Cumulative-Rocketreactors for transportation engine

1. Estimation of nuclear energy (power).Let usmake more detaikstimation the Cumulative
and Impulse reactors for engine of transport vinicle having the fuel pellet O(Mygl10’ kg)
with fuel D+T or D+D. The Impulse reactor has pressure into pellet 300 atm.
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Estimation of energy (power) this D+T pellet if tbaefficient efficiency is] = 0.5.
The couple nuclei T+D produses nuclear enéigy 17.6 MeV
NumberN; of nucleis in pellet is:

M 107
N=— = =2400°
m, 2 5Q.67Q0
Herep is averege moliar mass of D+Ty, is mass of proton, kg.
The nucler energy of 1 mg D+T fuel in 1 Hz is

E=0.5ENA=05076A00A.600%°24Q0°®.5=169A0C°17MJ/ Hz

Thatis power energy of the-2 power aviation turb@ngines. If one cycle in second (1 Hz) is not
enough, we can decrease the friquency. The piston engine has/Opé&®lution per second, the
high speed aviation gun ® shots in second.

If we use the D+D fuel having single energy = 3.65 MeV ,u = 2, the nucler energy is
aproximetely in 5 times less becalgas less.
2. Size ofcartridge and pellet. Let us estimate the size of the cumulative cartrige for mass the
explosive TNT Me = 1 gram We = 10° kg, energyEe = 4.2 NJ, density = 1650 kg/m) and
internel diameter cartridge és= 10 mm. The thicknesd of explosive is:

ae Mez =— l > =0.2cm
dorcr  4Q3.140.5° Q.65
Outer diameter of cartidge for safety tensile stress 100 kgisnth= 16 mm.
Let us estimate the compresgegllet having gas mask! = 107 kg, pressurg = 300 atm =30’
N/m? and T = 300 K. Specific denfity the gas D+D, D+T in compessioa 1 atm isj, = 0.1
kg/m®,atm. The mternel radius of gas pellet is:

a3 o _é 3007 8
Q%ppro_ %@14@&02018

The reletive outer dlameter of pellet for presspire 3 kg/mnf and the safety tensile stress of the
pellet coverl = 50 kg/mnf with according (3) is
D_&p..0 _&43 ..0
— =% lo = +1o =1.03
d ¢s =+ 8%_0
Nuclear prosses in to pelletAfter cumulative exploswe into cartridge the density of fuel D+T
into pellet after cumulative compressing is

3p _ 30.36Q40°
/mm V2 2.50.67Q07(18QA0%)?
Wherep is pressure after cumulative compressing, Nhﬂa is final speed of piston, m/sny, is

mass of proton, kg. Density of D+D fuelriss 3.7510° cm®
Time of fuel combustion fof = 15 keV is

r= ©0.926A0°*m° 1mm

= 3('1025cm' 3

N
ForD+T t=—ry O'ihEl = 9.'501»'5@22@0.. —=15800%s,
56AQ0%n<sv> 5640734026500

. 50.5®.5800" ;
ForD+D t= 0.51E, = 050515840 =3.740°s,

3300%1<sv> 560023.750002°3.20108

Whered is coefficient efficiencyF; is energy couple nucleis (for D+E; = 17.6MeV1.610"°=
2:82.10"J; for D+D E;=3.65MeV= 0.58.0"?J). Here we used Eq.-® and Table 5.
For primery compressed gas fuel pefiet 300 atm without cumulative compressing, the density
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of the fuel gas into pellet far = 300K is
340 .
n=P = — =2.2500%cm?
kT 1.380002%300 ’
Wherek = 1.38102 - is Boltzmannconstant.
The time of nucler fuel combustion for= 15 keV is

®.502.8200 2 \
ForD+T t=—— O'ihEl = ..0'51'5Q.'821Q0 —-=2100°s,
56QA0°n<sv> 56Q40"2250072.65Q0
®.5®.58Q0* 5
ForD+D = COHE _ 050515800 _6.14010° s

33008n<sv> 5.600%2.250073.200

As you see, the combustion time significently is increased but it is enough for reaction. We can
decrease it if we increases density of fuel.

Estimation of electric condense. For heating of fuel we use the short strong electric impulse.
For impulse the electric conderser may be used. Let us to estimate the condenser parameters for
getting the fuel temperatuile= 15 keV.

If fuel mass isM = 1 mg = 10 kg, the number ofurcleis for D+T is

7
N=M o 10 _5sa00
mm_. 250.67Q0 .

P
For D+D theN = 3.10°,
The energy is needed for heating the fuel D+TTupl5 keV is
W =NTQA.6A0"=240A0°15001.6Q0"° 60kJ

For heating D+D fuel is W = 72 kJ.
Themi ni mal specific weight o f conventional CC
Consequently, the requeted mass of condenser is about380kg. But if we can use the
advanced supercapacitar< 10 kJ/kg) or ultracapacitoo € 20 kJ/kg) or capacitor EEStor, having
claimed capasitp = 1000 kJ/kg, we can decreased the capacitor mass. In any case, the capacitor
mass is small part of themonuclear engine.
Estimation of capacitor descharge
a) Need condensafter cumulativecompressingf pellet for heating fuel up = 15 keV.
Assume the initial temperature of cumulato@mpressedas fuel isT = 3.14 eV, mass of fuél
= 10" kg, initial pressur@ = 300 atm, initial diameter of pelldt= 0.2 cm..
The specific electriSpitzer resistance of plasma is
r =h. =1,0340°ZInL 0 %>
Wherezi s rate of charge, I ns Frlnh%0E5)L0i sweCdhlawmb
r =1.0300°10Q0/3.14% =1.8500° wam
Diameter of the cumulative compressed pellet having initial gas prgssu@00 atm and, = 0.2
cm is

/3

Q -8 300 @ 314,
| =| = =42Q0°%c s——l =1.4Q0° cnr
ééf);_ QE Cl079 m 4
Electricresistance is
3
R= r|——185(103ﬂ—0555WC0‘,m

S
Where | is diameter of pellet, cngis crosssectlon area, sm
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Needed inisial voltage and currency of condenser for time of rechartié® second is

. /2
aRWg" 20.555BA0 § swd? 4 6a¢ @
U= =577kV, |= = > =104kA
cte E 10 oRtY ~ B55500°Y -
Capasity of condenser
5

N Y=
R 0555 :

b) Need condensavithout cumulative compressing of pellet. Initial data: Initial temperatuie is
= 0.1eV, mass of fueM = 10’ kg, pressirep = 300 atm, diameter of pellet = 0.2 cm, final
temperture T = 15 keV.

r =1.0300%140/0.1¥* =3.16 Wm
Crosssection area of the pellet having fuel gas pregas€e300 atm and diameter of peltit= I,
=0.2cmis

s=pdZ/4=0.0314cnt .
Electricresistance is

R= r|—°:3.16 0.2
S 0.031

Where | is diameter of pellet, cnsis crosssection area, sm
Needed initial voltage and currency of condenser for timeafarge = 10° second is

=20 W@m
4 .

SRWG?  820BAC G sWg'’ 2640 §”
U=g—0 = =346kV, | = 0 = S =548kA
cte &10° Y oRtY ~ B0aosY -
Capasity of condenser
10° _.
= t = l =740 F
R 20 :
The specific energy weight [J/kg] of the condenser my be estimate by formules
&eE,
9= |
g o
Wh e r,®8.8610™ F/m is electric constantid 3 di el e cEt& i1c6 Oc otn s& 4an tMV / 1
safety electric stress of isolatorda 1 00 0 % i8 dpekific wieight ofrisolator.

Initial magnetic pressurefrom charged currency
a) Pellet having cumulative compressing has initial currdneyl(® kA, radiusof pellet after
compressing = 2.110° m has magnetic intensity and magnetic pressupe

H=l =_1040 ;o452
20r 2Q3.14Q.1Q0 m

- 20 (27'9008) =4a0' N =440 am
m

That is closedo piston pressure 34’ atm.
b) Without cumulative pressuké= 0.87.16 A/m andp = 477 atm.
Table 7. Properties of some material suitable for the dfistallation
Material Tensile Density Fibers Tensile Density
strength glent strength  g/cn?
kg/mnt kg/mnt
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Steel A514 76 7.8 S-Glass 471 2.48
Aluminum alloy  45.5 2.7 Basalt fiber 484 2.7

Titanium alloy 90 4.51 Carbon fiber 565 1,75
Steel Piano wire 220-248 7.8 Carbon nanotubes 6200 1.34

Source[7] p.37Q
Conclusion

The author offers a new small cheap cumuladive impulsenertal thermonuclear reactsrwhich
increases the pressurg chemical gplosiveand temperaturBy electric chargeCumulative and
Impulse ABReactor herein offered by its originatozpntains several innovatioasd inventions

Main of them is using a moved explosive, which allows to accelerate the specialqystida
very high speed (mothan D km/s) which (a# is shown by computationscompressethe fuel
capsule in million timesand heating up the milliodegrees of temperaturéhe second main
innovation is the additional heating the fuel pellet by eleatrmulse to up temperature in 15keV
and more (hundreds millions of degrees). Important innovtion is compressed pellet at room
temperatureinstallationfor electric and mechanical energy and thermonuclear rocket.

The offered reactor is small, cheap, may be usedcheap electricityas engine for Earth
transportation (train, truclseagoing shipsaircraft), for space apparatus and for producing small
and cheapnd powerfulweapos. Closed ideas are in [{9].
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Chapter 5
Multi -Reflection Thermonuclear Reactors

ABSTRACT

The author offers several innovations that he first suggested publicly early in 1983 for the AB
multi-reflex engine, space propulsion, getting energy from plasma, etc. (see: A. Bolonkin, Non
Rocket Space Launch and Flight, Elsevier, London, 2006, Chapters 12 BAhd micre
thermonucleaReactors. That is new mictbermonuclear reactor with very small fypelllet that
uses plasma confinement generated by rneftection of laser beam or its own magnetic field. The
Lawson criterion increases by hundreds of times. The author also suggests a new method of heating
the powermaking fuel pellet by outer electrauirrent as well as new direct method of
transformation of ion kinetic energy into harvestable electricity. These offered innovations
dramatically decrease the size, weight and cost of thermonuclear reactor, installation, propulsion
system and electric gerator. Norindustrial countries can produce these researches and
constructions. Currently, the author is researching the efficiency of these innovations for two types
of the micrethermonuclear reactors: muitflection reactor (ICF) and satfiagnetic ractor
(MCF).

Keywords: Micro-thermonuclear reactor, Muliieflex ABthermonuclear reactor, Sefhagnetic AB
thermonuclear reactor, aerospace thermonuclear engine

" Presented as Bolonkin'ser AIAA-20068104 in 14th Space Plane and Hypersonic Systems Confere8déo@ember,
2006, USA.

| NNOVATION
As you can see in the Equation f oChJitibmecessaryn ucl
to rapidly and greatly increase the targateloping temperature, the density of target proper and to
shorten the time of the operation in order to keep the fuel in these precisely induced conditions. In ICF
the density of plasma is very high 2@, it increases in 280 times in target), themperature
reaches tens of milliorf¥, but time is measured in nanoseconds. As a result, the Lawson criterion is
tens to hundreds of times lower than is required. In a tokomak, the time is mere parts of second and th
ambient temperature is tens of rnifls of degrees, but density of plasma is very smafl (hd). The
Lawson criterion is also tens to hundreds of times lower than needed.

The author offers some innovations and names these reactorsraad@as.. The main innovations
are bebw.

Multi-reflect reactor (MRR)The first innovation suggested early in 1983 [14] and developed later in
[1]-[26] for multi-reflex engine and space propulsion. Conventional ICF has conventional inside
surface of the combustion chamber. This surface absorbsf plaet loeat radiation emanating from the
pellet and plasma, the rest of the radiation reflects in all directions and is also absorbed by walls of
combustion chamber. As result the target loses energy expensively delivered by lasers. This loss is so
huge thawe need very powerful lasers and we cannot efficiently heat the target to reach ignition
temperature (Lawsonds criterion). I n al l curr
acceptable.

The innovativdCF has, on the inside surfacEcombustion chamber, a covering of small Prism
Reflectors (PR) (figsl, 2) (or multi-layer reflector. Note: Multlayer reflector can only reflect the
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laser beam)The system of prism reflectors has great advantages in comparison with conventional
mirror and especially with conventional combustion chamber. The advantages are listed:

(1) The prism reflector has very high efficiency. The coefficient of its radiate absorption is less
about million times theate of the conventional mirror.

(2) The prism mirrorreflects the radiation in widely diapason of continuous spectrdm.
conventional mirror reflects the radiation only in narrow diapason of continuous spectrum. That
means that any conventional mirror has big absorption of radiation energy even if itthas hig
reflectivity (up 99%) in narrow interval of the continuous spectrine prism reflector allows
to use the thermal plasma radiation.

(3) The prism reflector bounces the heat radiation exactly to a point where heat beam comes uj
even if it has defect at posin. The conventional mirror having small defect in position (or the
pellet is not located exactly in center of sphere) destroys the pellet.

(4) According with Point 3 above, the prism reflector may be used in cylindrical (toroidal) camera
(Figureb) (tokomak,stellarator). A conventional mirror cannot be employed because reflected
ray will be sent in the other direction.

(5) The prism reflector can uniformly distribute the beam energy in pellet surface. The small
spherical plasma pellet reflected the scatteredhtiad. That means the laser beam after the
first reflection reflects on sersiphere, after two reflections that presses on full sphere, after 3
4 reflection the pressure is almost uniformly. That decreases a number of needed laser bean
simplify, and @creases cost of laser installation.

In particular, this innovation may be used in already built current reactors for their improvement.
SelfMagnetic reactor (SMR(Figures 3 4). The magnetic pressure is proportional to the inverse value
of electricconductor diameter. (The conventional magnetic reactor has a diameter of plasma flex some
meters). The high temperature plasma has excellent conductivity which does not depend from plasma
density. If the diameter is decreased to 0.1 mm and electric cuisehigh, the magnetic pressure is
increased by hundreds or thousand times and that can keep ttuehgjty plasmarhus, the plasma is
confined by seklgenerated magnetic field (and by piretfiect) and it does not need in powerful outer
magnetic fieldcreated very complex, high cost sugenductivity system! This innovation in MCF is
dramatically decreasing the size of reaction zone and using of gaseous compression fuel peHet (micro
capsule) in magnetic confinement reactor.

Figurel. Multi-reflex Reactor. &) Crosssection of ICF; lf) Crosssection of spherical combustion
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chamber and prism reflectofdotations: 1- spherical shell; 2target (pellet); 3ignition laser beams;
4 - reflected laser beams;-fprism reflector.

TRF2
%
5
CE%

Figure2. Multi-reflective in cylindrical tube chamber or tokoma#) Crosssection along long axisb) Crosssection along
transverse axis; (c) Crasgction of toroidal or cylindrical combustion and prism reflectdtations: 1- combustion chamber;
2 - plasma (fuel capde); 3- reflected laser beams;-frism reflectors.

The other innovation in SMR is uses the electric current (electric impulse) for initial heating of
microcapsule targets. That means we don't need a large, very complex and expensive laser (or ion
beam)system for inertial confinement reactor or induce system in magnetic confinement reactor. That
is possible in special design of the fuel microcapsule. The energy for heating of the microcapsule to
thermonuclear temperature is small and conventional ceedemay be used for it.

Figure3. Micro AB-reactor with seHmagnetic confinement and radiation support of plasma. fi@@l micro-capsule and
electrodes; (b) Reflective camera. Notation:-Imicro fuel capsule; 2thermonuclear fuel into capsule; 8apsule shell and
covering; 4 electrodes; 5 feeding of capsule; 6electric currency (electron injector);- Tnagnetic stopper; 8cooling system; 9
- thermo protection; 10radiation; 11- additional radiation pressure to fuel capsule ends.

The selfmagnetic reactor uses very small capsule diameter when the magnetic intensity is very high.
The magnetic intensity has good distribution (decreases to plasma Eenies,£) and magnetic
pressure is big (it is enough to keep the kinetic plgsmssure which is not so much for low density
plasma).
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Figure4. Micro AB-thermonuclear reactor with seffagnetic confinementa) Selfmagnetic field around fuel capsulb) ¢
Explosion initial compressiong) Magnetic intensity distribution in cresection plasma flexdj Fuel capsuleNotations: 4
electrodes; 5 feeding of capsule; 6electric currency (electron injector):-Tagnetic stopper; 8cooling system; 9 thermo
protection; 11 additional end capsule pressure of setgnetic feld and radiation; 12magnetic corks. 13selfmagnetic field
of capsule (and pinehffect).

The some innovations are magnetic and radiation stoppers (confinements) of plasma in ends of the
fuel capsule. It is suggested two methods:

(1) The capsule hasonic ends igure4d). The capsule radius decreases at ends. That means the
magnetic intensity will increase at the capsule ends (up 10 and more times). They will work as
magnetic mirror (plasma stoppeBigure4).

(2) Our magnetic field has other directiondaform then it is in conventional tokomak. In tokomak
the magnetic lines are parallel to a toroid (or cylinder) axis. In our SMR the magnetic lines are
circles around cylindrical capsule. That means there is an axis magnetic force which put
obstacles a ta transfer from plasma to electric electrodes. That works as radial and axial
magnetic stopper.

There are others innovations which reader can apprehend in comparison the offered micro AB
reactors and current and under construction reactors.

These imovations decrease the size, weight and the monetary cost of thermonuclear reactors by
thousands of times and allow the widespread future construction of thermonuclear electric stations,
engines, and space propulsions.

The offeredself-magnetic reactords the following differences in comparison withrZachine of
Sandia Laboratory (USA).-thachine used a set of very fine tungsten wires running around the fuel
would be "dumped" with the current instead. The wires would quickly vaporize into a plasmajsvhic
conductive, and the current flow would then cause the plasma to pinch. The key difference is that the
plasma wouldhot be the fuel, as in our SMBut used solely to generate very hggergy xrays as
the metal plama compressed and heated. Theys would compress a tiny fuel cylinder containing
deuteriumtritium mix, in the same fashion that therXys generated from a nuclear bomb compress
the fuel loa in an Hbomb. The superpower-Ky output pulse (up 2.7 megajouls!) generated by
heavy tungstemetal plasma {,W) is very danger for people. In additional, the powerful fluctuation in

the magnetic field (an "electromagnetic pulse") also generates strong electric current in all of the
metallic objects in the room amigmise<lectronic devicedn ourmachinethe small fuel cylinder has



61

a thin conductive layer from light metall. The capsule can alsod@auctivityfilaments into fuel.

They help to produce initial heating of fuel plasma (up-100° °K) and initial the plasma

compression (rocket and/or inertial). The father plasma heating and confinement is produced by voltag
curve ofFigure13which create selinagnetic fieldequal(or more) plasma gas pressure.

Summary.This work offers two typesf micro-AB-thermonuclear reactors: by mutéflex radiation
confinement of plasma and setfagnetic confinement. They can use high and low density fuel
(compressed gas or liquid/frizzed fuel) and they can wogkilse or continuous regimes.

The offeed micreAB-reactor with seHmagnetic confinement includes: micro fuel capsule with
compressed gaseous or liquid (frizzed) fuel; two dleetectrodes, and a combustion chamber
Internal surface of combustion chamber is covered by prism or-lawti eflectors.

The capsule contains thermonuclear fuel (it conventionally has two component, exanip)edhd
conducting capsule shell. Fuel may be composed by conducting fiber for quick heating. The capsule
has the conic ends.

The electric electrodesalie windings for creating magnetic locks, canals for feeding of fuel capsule
(or injector for liquid fuel), and electron injector (electric currency). Last may be electron (currency)
emitter. Electrodes also contain a cooling system and thpratection.

The suggested reactor works the following way. The strong impulse electric current passes through
capsule. The capsule shell explodes, creating an initial plasma flux and compressed, heating, and
creating initial fuel plasma fuse. The plasma radiatioiptsrand part of them returns and compresses
the plasma, helping the electric current to heat the plasma to its ignition temgeratu

We spoke about micro ABeactors. But it does not mean that power of them is small. In next articles
I will discuss themethods for transformation and utilization of the thermonuclear energy into other
types of energy and propulsiofhese completed research show the power of micragsBtor can
reach some thousands of kW.

ESTIMATIONS O F OFFERED REACTOR

We considetwo new MicrecAB-Reactors having the innovative: muigflect radiation and self
magnetic confinement features.

In multi-reflect radiation confinement of ABeactor the offered innovation is the special prisms, a
high reflectivity mirror that returndié laser beam exactly to its point of origination. As a result, the all
energy absorbs by plasma, the laser radiation +lés presses the plasma and impedes it or, at least,
it does not allow its expansion. The plasma has high reflectivity and tisis gifect may be increased
hundreds to thousands of times. Practically speaking, we are weakly limitedchamskedhe cheap and
solid fuel.

The uniformly heating of target by laser beam is very big and important problem in ICF. Fhe non
equal rocket fores on target shell destroy the capsule before thermonuclear ignition. If the first ICF
reactor had some laser beams, the second generation had 10 laser beams (NOVA), the third generatic
has 60 beams (OMEGA), and the next generation will have 192 beaFR)s filllaser beams must be
equal and work in coordinatiorthat is complex, difficult and expensive problem. The prism reflector
is easy designed such the reflected beam runs round the target and presses it uniformly from all sides
after 2- 4 reflectiors.

The second innovation is the special form microcapsule that is filled by conoprgssi or liquid
(frozen) fuel.

In selfmagnetic confinement Micr&B-Reactor main innovation is super thin microcapsule and
electric heating which produce hightensity magnetic field, keeping the plasma pressure and conic (or
close to conic) ends of ampoule capsule which work as plasoppers. The important innovation is
the using an electric currency for straight heating of capsule. The magnetic lines in our reactor are
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circles located into and around plasma channel. The magnetic intensity increases from central axis to
maximal plasna radius. That pushes plasma into center of plasma channel. In the ends of plasma
channel the magnetic forces put obstacles in plasma leakage.
For estimation possibilities of these innovations in the firstré&ctor we compute the multi
reflection presure, the condition of plasma reflection and compare them with dynamic pressure of
plasma. In the second Aactor we consider the equilibrium the magnetic and kinetic pressures.
CapsulesFor multireflex conformation is more suitable thgherical capule Let us consider the
gas compressed fuel capsulée shell thickness and relative weight of gas compressed fuel spherical
capsule can be computed by equations:
d_P _3Pg Q)
—=—, My==—=,
r 2s 2s g,
wheredis shell thickness of capsula, [m]is capsule radius, [mdfr is rdative thickness of fuel shell;
Pis fuel gas pressure into capsule (over the atmospheric pressuréy; [Nisnsafety tensile stress,
[N/m?; Mgis relative capsule masg;is density of capsule shell, [kgfing is density of fuel, [kg/f.
Example, for gas pressufe= 100 atm = 10N/m?, s = 200 kgf/mnf = 28 10° N/m?, ¢ = 1800 kg/mi; g
=11 kg/nt (atP = 100 atm) we getfr = 2.5 103, Mg = 0.6.
Cylindrical capsule(l >> r). For our estimations we take the capsule having the length,Tradius
r = 0.05 mm, cross section ar8a 83 10° mm®, fuel volumeV, = 8 10° mm® = 8 102 m®. That is
very small.lt is a microcapsule.
If the gas in a microcapsule is pressed the relative thickness and relative mass of cylindrical shell ma
becomputed by equations:

2
EIOE, MROZE%’ ()
r s S g,

ForP =100 atm P = 10’ N/m?) ands = 200 kg/mn (s = 22 10° N/m?) ratiodr = 5103, Ms= 1.3 .

Fuel densityThe particles (ions) densityof fuel in 1 nf and number of particleg in microcapsule
equal

N. =n\V;

a1 %@Jrgfzg: 9a _9a, In
2m, ¢m - mm, m, /mm,
3)
MM, (
where =—=, =—=
m m, m m,

Herem,=2.51.672 10 >’ kg for D+T is average mass of fuel iom; = 1.672 10%" kg is proton
mass; low indexes ;' means the firsand the second fuel component.

Then© 10%° 1/m®in the present magnetionfinement fusiomeactor;n © 2.6 10° 1/ nt'for gas D+T
in a pressure 1 atrif,= 288°K (the density of deuterium D ig = 0.0875 kg/m, m = 2, the density of
Tritium is 1.5 more). For D and other pressurertimeust be changed in same times, for example, if
= 100 atm theg = 8.75 kgm®, n° 2.68 10°' 1/m?, n. = 20.8 10" n° 2.13 10 1/m® n. = 1.2 10" (g
= 71 kg/n) for liquid hydrogen at a pressure of 1 atm. (In conventional inediginement fusion
reactor, the fuel density may be more in-BD times, under a rocket pressure of a fuel capsule cover.
For hydrogen the frizzed temperature-259.34°C, the boiling point is-252.87°C). For D+T average

m= (2+3)I2 = 25.

Fuel massV; [kg] and thermonucleanergyE. into microcapsule areomputed by equations:
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. M .
E=16(0"° ' E =096(10°M  =-,

mm, M (4)
M, =mmnV,, E.=0531600"nV.E,

wherekE; is reaction energy of one couple particles, ey m + mis number of nucleons which take
part in reaction, for > T m = 2+3=5. If we want compute energy of one type of particles Bhis
reaction energy for given type of particles, for D+T the en&gy17.5 MeV;. For example, our
capsule (10.1 mm) filled by liquid fuel D+T has fuel mas% = 0.7 10° ng and will produce energy
E. =240 kJ. If we burn out 10 capsules per 1 s, tiggne power will be 2400 kW. An estimated 20%
this energy gives the charged particles and 80% of neutrons. The fuel capsulévhavifgrg =10°

kg of a mixture D+T produces 33#0° J if all atoms take part in reaction. That is equivalent to the
energyderived from 84 liters of benzene.
Computations are presentedrigureb.

x10° ForE =12 3 4 5 6 MeVinucleon

TMRE-F1
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Energy, kJ
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Fuel mass, mg

Figure5. Energy of thermonuclear reactor versus the fuel mass and energy per one nyctebn f8\.

Distribution of thermonuclear energy between particlesnost cases the result of thermonuclear
reaction is two components. As you see in Table 1 that may be "He" and neutron or proton. The
thermonuclear energy distributes between them the following manner:

2 2 5)
From E:E1+E2=ml;/1 +mz;/2 , mV, =mV,,
we have E..m _ M , E,=E-E

E m+m m+m
wheremis particle mass, kgy is particlespeed, m/sE is particle energy, J7= m /my is relative
particle mass. Lower indexes ;' are number of particles.
Unfortunately, as you can see (in TabJ&Chl), most particle energy catches the neutron as the
lightest particle. But its emissidras high penetrating capability, creating radioactive isotopes, causing
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damage to the main construction, very dangerous for living beings, and that can be converted only in
heat energy.

Energy is needed for fuel heatinthis energy can be estimateddnuation:

C K ; (6)
E =" MT, c=—=41340°, m="e
m 2m, m,
wherec is plasma thermal capacity, J/Rg; Ty is temperature ifiK; kis Boltzmann constanty, is
average mass of ions, Kg;is fuel mass, kg. This computation is presenteeignure6. Our capsule
filled by liquid mixture D+T requests ignition energy about 124 J for its heating up to 100 fllion

That is energy of electric condenser having size abdut®a0 cm forb = 16 V/m (see below).

For M =0.001 mg, mu=m‘1mp=1 2346810
900 T
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Figure6. Energy requested for fuel D+T heating.

Capacitor for thermonuclear ignitiolCondenser requested as storage of energy for fuel
thermonuclear ignition my be estimated by equation

w1 W _ eebd (7
== eoe h - =
vV 2 M 29
whereWis condenser energy, \Jis condenser volume,3nM is condenser mass, kg;= 8.85 10
F/m is the electrostatic constaetis dielectric constantyis dielectric strength, V/nmygis specific
density of dielectric, kg/th Energy from capacitor is abt onejoule from one centimeter cub.

Electron plasma frequencilectron frequency of plasma is computed by equation (8 Fdi0?°
1/m® that is equalste = 5.64 10" rad/s, fom© 10°® 1/m’ that equalste = 5.64 10" rad/s . That is
more then the laser frequendy% 0.3 10° m, w= 2.2 10'°rad/s). That means the plasma will reflect
the laser beam.

Plasma skin deptfilhe depth in plasma to which an electromagnetic radiation can penetrate (Eq. (9))
is: Forn© 107 1/m® that is equalsl, = 5.32 10° cm, forn© 10°® 1/m?® that equalsl, = 5.38 10° cm.
As you see, the depth is small.

Coefficient reflectivity of plasm#&lo data about plasma reflectivity. However, from general theory of
reflectivity it is known theeflectivity depends from conductivity. Silver has the best conductivity from
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solid body and best reflectivity. It is abaypt 0.78- 0.99 (it depends from frequency of radiation: for
ultra-violet radiationq ® 0.78, for thermal radiatiog® 0.99). The plasma foF > 15 10° °K has better
conductivity then silver. The plasma conductivity increasé&'asThat means the plasma having the
° 10° °K has reflectivity in 17.2 times better then silver. That means the plasma reflectivity is more
0.999. We take in our computatigr= 0.999. The efficiency of offered innovation very strong depends
from reflectivity of plasma. The reflectivity of the prism mirror is very high [23]. We neglect the loss in
it.

Bremsstrahlung (brake) radiatiofihatis proportional the energy speciand has Maxwell
distribution:

E e- Eg

Q
fedE=f 2e—adE=2 | —— expe—dE,
BT PTG A
c c_E
/==, n==—=— 8
n /" h ®)

wherek = 1,38 10%%is Boltzmann's constant’8¢ T - temperature’X; E - energy, Jn - frequency,
1/s;1 length of wave, mh = 6.5253 10°*is Planck's constantsJAssume the brake radiation has same
specter.

Computations are presented inuiigs 7- 8.
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Figure7. Spectra of brake radiation for plasma temperature280 millions degreesK).

The ultraviolet rays are belw approximately < 310* hertz ¢ >10° m), the soft xrays are below <
3210 hertz ¢ >10™ m). That means the brake radiation can be reflected by special methods. For
example, the silver having high electtonductivity has average reflectivity 0.99 in heat region, 0.95 in
light region, and 0.78 in ultreiolet region. Some metals has refleitiwip 0.2 for/ = 4% 10°m. But
plasma having the temperature more thanl0&°K has more electraonductivity then silver and it
must, therefore, have better reflectivity. The reflectivity coefficient of prism mirror is very high and we
can neglect ittosses. However, the reflectivity of prism mirror for brake radiation is needed in a
detailed test.
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Figure8. Spectra of brake radiation for plasma temperature- 2000 millions degreesK).

Theaverage energy of Bmesstrahlung photon equals average energy of plasma electron. The formula
for average wavelengih:

From E=KT =hn, / =<

n
we receive /= ch 00144 ©)
kT T

whereE is electron energy; = 38 1¢% is light speed, m/sfy is temperature ifK; /¢ is wave length, m ;
nis wave frequency, 1/s;.

For example, foly = 10 °K the /= 1.44 10" m. That value is the lower ultrdolet diapason >
107 m.

For very high temperature the most part of this spectrum is in the-smftregion, but softxay can
be reflected and retracted by speciatinods.

The reactive pressuriVe can estimate that the ion speedferl0® K. That is approximately =
600 km/s. IfM = 0.1 19 =10" kg of a mixture D+T is increased their speed to this value in #irid”®
s, the reactive force will be = MV/¢ © 53 10’ N. If the fuel capsule has surfase 5 mnf =53 10° m?
the capsule cover pressurgis F/s= 10 N/m? = 1¢ atm. This pressure produces the shockwave
which compresses the fuel microcapsule and create high ion temperature.

RADIATION CONFINEMENT
Radiation confinement is suitable for muiiflex laser beam support.
Equilibrum of Multi -Reflex Laser and Kinetic Pressures

From equations (6), (10) we receive
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2E4 2 G
P =2nkT, P,=— P =P,
k -IZ R C gﬁ@ k R (10)
P =SE=05nkTcY1- q)
whereP_ is impulse power of laser, V&is surface of capsule or plasntgis plasma reflection. The
additional number 2 appears because we neglect the prism reflection loss. The computatrrd for

- 1B 108 1/m’, S= (1- 4P 10°m? q=0.999T, = 1¢® are presented iRigure13.

x10" ForS$=1 2 3 4mm?, q=0.999, T, =100 min °K
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Figure9. Equilibrium of multireflex laser pulse power versus plasma density and fuel capsule surface S for coefficient
plasma reflectivityg = 0.999, plasma temperaturg T 10 °K.

Look your attention that power of laser pulse for mrdflection confinement is in teasundreds
timesless then one is in the current ICF reactors (OMEGA ha&®0W, Z-machine will have
35 10" W). That shows, the muitieflect conformation is more efficiency then rocket conformation
for small targets.

We can increase the initial mutéflex pressw in millions times if we cover the outer capsule
surface the small reflective prism as internal surface of the combustion chamber. As it is shown in [26]
p. 378, FigureA3.4, the pressere from 1 kW of laser power can reach méie.1Dlaser pulse power
hasP = 10" W, the pressure will bE = 10" N. The surface of a spherical capsule having diameter 1
mm is abouS= 3 mnt=3% 10° m% Hence the pressure on targePis F/S=3.3 10> N/m* = 3.3 10"
atm! That is in 10times more then a gas dynamic te® of the plasma at temperaturé K0

Note.The rocket force used for compressing and heating pullet at present time cannot keep the big
pressurend temperature for very small capsules at need time because gas extension. For example, le
us to estimee the extension time for two capsules having diantete®.3 mm andl = 3 mm
respectively at temperature®I. The average ion speed at this temperature is aBdgk é/s. For
typical pulse time 18s the plasma radius is increased3d®*m = 0.6mm. That means the volume
of the first capsule increases in (0.75/0°£5)25 times, the volume of the second capsule is increased
only in (2.1/1.5Y = 2.7 times. In our mukieflex reactor the beam pressure does not allow to expansion
the plasma and imeases the reaction time and possibility thermonuclear reaction in hundreds times.
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Requested minimum time of laser puBeration of laser pulse needed for heating of capsule can be
computed by equation

;= cM (T, (11)
I:)L

wherec; = 4.13 10° is thermal capacityaefficient, J/kg.K:T is plasma temperature, K.
The computations are presentedrigure 10

1:(10" ForP, =2 4 6 810 x10'2 W (pW), T, =100 min °K
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Figure10. Request laser pulse time for capsule heating via capsule mass and laser pulse power for capsule tenfperature 10

As you see, the pulse is same with current laser@@ 10*?s, (ps). In conventional ICF reactor the
most part beam energy is reflected by plasma and heating the shell of combustion chamber. In our
reactor the nearly all beam energy is used for capsule heating.

Equilibrium of Brake Radiation and Kinetic Pressures

Fromequations (10), (7) we receive

RE2KT, Py == 53400 TneTV2Z R =P,
= oS =sa0nu- g - 3
5.3400°VZ,, T, VZ,

whereT.is temperature in keW is plasma volume, mSis plasma surface, aq is average

coefficient reflectivity of xrays produced by brake radiation. The equilibrium of brake radiation and
kinetic pressure can be reached for r&ti§° 1. For reflection of the brake radiation one can be used a
plasma mirror.

THE SELF-MAGNETIC CONFINEMENT
The selfmagnitude confinement is suitable for lal@nsity plasma. Your attention is called for to the
big difference between a present conventional reactor magnetic field and the offeredggedtic
field. For creating of the present magodield, the large powerful superconductivity very expensive
magnets are used. Our seifignetic does not request anything. Thesel§netic field is produced by
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capsule electric current and that is more powerful by hundreds of times. Why? The matgredityi
and pressure of electric current in inverse proportion of plasma radius (see equations (29) below). The
present thermonuclear reactor has plasma camera of some meters. Our capsule has radius only 0.05
mm.

Equilibrium of SelfMagnetic and Kinetic Plasma Pressure
From equation (10) and (12) we receive

2 o ~2
Pk:Pm’ Pk:2nk-l;’ Pm:n8|2_| ’ HZI_’ Pm:8n82%_81
2pr 0° ¢l =+ (13)

| =4 XY Z 41600°% (nT)**, U=RI, B="8"
m 20

wherer is radius of capsule (plasma flux), ms electric currency, AR is capsule (plasma) resistance,
Ohm;U is capsule (electrodes) voltage, ¥js magnetic intensity, A/nB is magnetic intensity, Tesla;
Tk is plasma temperaturéK.

The computations for sevenmahre presented in fuges 11- 14.

The present magnetic confinement reactor having superconductivity magnets has maximum magnetit
intensity 5- 6 Tesla. As yowsee inFigurel4the offered ABself-magnetic reactor has more magnetic
intensity in hundreds times.

PROJECT
Below there are estimations of some projects, which show parameters of suggestatiab.
These are not optimal reactors. They demonstratentthods of computations and possible technical
data of new micro reactors.

1. Multi-reflection ABreactor.Let us to take the spherical fuel capsule diangted mm. Its surface
is 3.14 mm, the volume iv = 0.52 mmi=5,2 10'° m°. If gaseous fuel (D+T) has pressure 1, 10, 100
atm, the specific fuel density are= 0.11 kg/ni, 1.1 kg/ni, 11 kg/n? respectively. The fuel mass are
Mi=rn=57210" 57 10", 570 10™ kg respectively. Particle densities age= r /ngm, =
2.63 10 1/m’, 2.63 10°° 1/m°, 2.63 10*" 1/m° respectively. Numbers of particles in the capsulenare
=mv= 13710 1.3 10", 1.3 10" respetively.

Thermonuclear energy in capsule Bre 0.5nE; = 1.9 10 J, 1.9 10°J, 1.9 10° J respectively. Here
E.=17.610%1.6010"°= 2.8 10"?J is the energy in single reaction of couple particles. Where
17.6 10°MeV is thermonuclear energy of reaction D+T. If we burn 1 capsule in 1 second, the
thermonuclear power will b&/= 1.2 10° W, 1.2 10° W, 1.8 10° W resgectively.

Fuel heating energy af = c;M{T = 24 J, 240 J, 2400 J respectively. Hare 4.13 10 is average
thermal capacity of plasm&, = 10 K is maximal plasma temperature. These heating energy must be
increased some (36) times because we must to heat the capsule shell and coefficient of energy
efficiency is less then 1. The current condensers have energy storage capability about 1 J/cm

Requested minimum (equilibrium) pulse laser power ejuall7. 2 10° W, 17.810°w, 17.8 10"

W respectively (Eq. (22)) faq = 0.999. Pulse time is= Ef/N= 1.2 10° s.

We can use the liquid fuel. All parameter significantly will improvement (approximately in 10 times
with comparison of the 100 atm capsule), but we get a probldnstorage of capsules into a liquid
helium.
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Figurell. Equilibrium selfmagnetic and kinetic pressures versus plasma temperature and plasma densities.
Capsule 031 mm.N is plasma density, 1/n
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Figurel2. Electric currency needed for equilibrium kinetic and magnetic pressure for several plasma densities.
Microcapsule has size 8.1 mm.N is plasma density, 1/n
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Figure13. Electric voltage needed for equilibrium kifeeand magnetic pressures for several plasma densities.
Capsule has size 8.1 mm.Nis plasma density, 1/in

Figurel4. Equilibrium selfmagnetic intensity on microcapsule surface via plasma temperature for several
plasma densities. Capsule has si2@ Dmm.N is plasma density, 1/in

2. Selfmagnetic ABreactor.Let us to take the fuel capsule of the length 1 mm, diameterr2= 0.1
mm and gaseous fuel (D+T) presspre 100 atm . The crossection of capsule 8= 7.85 10° mn¥,
volumev = 7.85 10" m®, fuel mass idl; = rn= 9.5 10™ kg, particle density is; = 7 /mgm, =
2.63 10°" 1/m®, number of particle into capsuleriss mv = 2.06 10'°. Heating fuel energy i =
ciMTy = 39 J, forT, = 1 K. If we burn 1 capsule in 1 second the thermonuclear power wilf be
3 10'W.

Requested minimum (equilibrium) electric currency eduall.0B 10° A (for Ty = 10 K),(Eq. (29)).
The plasma electric specific resistanc@at 16 K is 7 = 0.12/T?=1.23 10" Wsm. The electric



